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QUATERNARY FISH-FOSSILS 
BY 
P. H. GREENWOOD 
INTRODUCTION 
Fish-remains collected from deposits at Ishango (Lake Edward) and the 
Semliki valley by Dr. J. DE HEINZELIN'S 1960 expedition, have increased 
considerably our historical knowledge of East African fishes. The collec-
tions are of especial value since their temporal range extends over the entire 
Pleistocene period, a time when the great lakes of Africa were uridergoing 
extensive topographical changes and their faunae were subject to the 
vicissitudes of changing climate and hydrography. Indeed, the Pleistocene 
may be looked upon as a critical phase in the evolution of the present-day 
East African fish-fauna from an earlier and possibly pan-African type. 
Many taxonomists and evolutionists have been attracted by the biogeogra-
phical problems which these lakes present. But, attempts to explain the 
often curious distribution of families and genera within 'th~ area have been 
hampered by the lack of an adequate palaeontological background. 
-' . 
• 
The previous, often scanty, fossil records for the major lakes, Edward, 
Victoria and Albert, have provided tantalizing glimpses of the Tertiary and 
early Quaternary fishes'living in the different basins. It was known, for 
instance, lhat during early Pleistocene times certain species now locally 
extinct, inhabitedl the Edward basin (WORTHINGTON, 1932; FUCHS, 1934). 
Likewise, in Lake Victoria there are records of the local extinction of Tilapia 
nigra during the lower Pleistocene and, going further back in time to the 
Miocene, the presence of two Nilotic genera, Lates and Polypterus for which 
there are no further records in the Victoria basin (THEwAvAs, 1937; GREEN-
s.p.r.t WOOD, 1951). In Lake Albert, on the other hand, there appears to have been 
elies 1 
'On, 39 little change in the major elements of the fish fauna since the lower 
Pleistocene (WHITE, et al. 1926). 
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BY 
P. H. GREENWOOD 
INTRODUCTION 
Fish-remains collected from deposits at Ishango (Lake Edward0 and the 
Semliki valley by Dr. J. DE HEINZELIN'S 1950 expedition, have increased 
considerably our historical knowledge of East African fishes. The collec­
tions are of especial value since their temporal range extends over the entire 
Pleistocene period, a time when the great lakes of Africa were uridergoing 
extensive topographical changes and their faunae were subject to the 
yicissitudes of changing climate and hydrography. Indeed, the Pleistocene 
may be looked upon as a criLical phase in the evolution of the present-day 
East African fish-fauna from an earlier and possibly pan-African type. 
Many taxonomists and evolutionists have been attracted by the biogeogra­
phical problems which these lakes present. But, attempts to explain the 
often curious distribution of families and genera within -the area have been 
hampered by the l~ck o! an adequate palaeontologicaJ background. 
The previous, often scanty, fossil records for the major lakes, Edward, 
Victoria and Albert, have provided tantalizing glimpses of the Tertiary and 
early Quaternary fishes'living in the different basins. It was known, for 
instance, that during early Pleistocene times certain species now locally 
extinct, inhabitedr the Edward basin (WORTHINGTON, 1932; FUCHS, 1934). 
Likewise, in Lake Victoria there are records of the local extinction of Tilapia 
nigra during the lower Pleistocene and, going further back in time to the 
Miocene, the presence of two Nilotic genera, Lates and PoTypterus for which 
there are no further records in the Victoria basin (TREWAVAS, 1937; GREEN­
WOOD, 1\151). In Lake Albert, on the other hand, there appears to have been 
little change in the major elements of the fish fauna since the lower 
Pleistocene (WHITE, et aT. 1926). 
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4  P A R G  N A T I O N A L  A L B E R T  
D e s p i t e  t h e i r  i m p o r t a n c e ,  t h e  s i g n i f i c a n c e  o f  t h e s e  d i s c o v e r i e s  w a s  w e a k ­
e n e d  b y  t h e i r  i s o l a t i o n .  T h e  m o r e  c o m p l e t e  r e c o r d  p r o v i d e d  b y  t h e  
D E  H E I N Z E L I N  c o l l e c t i o n  e n a b l e s  t h e s e  e a r l i e r  d i s c o v e r i e s  t o  b e  s e e n  i n  t r u e r  
p e r s p e c t i v e  a n d  p r o v i d e s ,  f o r  t h e  f i r s t  t i m e ,  a n  a c c o u n t  o f  o n e  l a k e  b a s i n  
t h r o u g h o u t  a  m a j o r  p e r i o d  o f  i t s  e x i s t e n c e .  
T h e  b r i e f  d e s c r i p t i o n  o f  t h e  s i t e ,  w h i c h  p r e c e e d s  t h e  a c c o u n t  o f  t h e  f i s h e s  
t h e r e f r o m ,  i s  t a k e n  f r o m  n o t e s  s u p p l i e d  b y  t h e  I . P . N . C . B .  I  h a v e  a l s o  
g i v e n ,  i n  p a r e n t h e s i s ,  t h e  n u m b e r  o f  t h e  p a g e  i n  D E  H E I N Z E L I N ' s  p a p e r ,  
( {  L e  F o s s e  T e c t o n i q u e ' s o u s  I e  P a r a l l e 1 8  d ' I s h a n g o »  ( 1 9 5 5 ) ,  o n  w h i c h  t h e  
s i t e  i s  d e s c r i b e d  i n  d e t a i l .  •  
A C K N O W L E D G E M E N T S .  
I t  i s  w i t h  g r e a t  p l e a s u r e  t h a t  I  a c k n o w l e d g e  m y  g r a t i t u d e  t o  t h e  «  C o m i t e  
d e  D i r e c t i o n »  o f  t h e  «  I n s t i t u t  d e s  P a r e s  N a t i o n a u x  d u  C o n g o  B e I g e »  f o r  
i n v i t i n g  m e  t o  s t u d y  t h i s  u n i q u e  c o l l e c t i o n .  I  a m  a l s o  i n d e b t e d  t o  
D r .  D E  H E I N Z E L I N  f o r  t h e  i n t e r e s t  h e  h a s  s h o w n  i n  t h i s  s t u d y  a n d  f o r  t h e  
i n f o r m a t i o n  h e  h a s  s o  r e a d i l y  s u p p l i e d .  T h e  t h o r o u g h  a n d  m e t i c u l o u s  w a y  
i n  w h i c h  t h e  f o s s i l s  w e r e  d e v e l o p e d  a n d  c l e a n e d  b e f o r e  t h e i r  d i s p a t c h  t o  m e  
h a s  g r e ' a t l y  f a c i l i t a t e d  t h e  s t u d y ;  t o  t h o s e  w h o  w e r e  r e s p o n s i b l e  f o r  t h i s  
w o r k ,  i  t e n d e r  m y  s i n c e r e  t h a n k s .  
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SITE I 
K any it t s i, northern shore of Lake Edward, to the east of Ishango. 
Bed s 0 f K a is 0 age (p. 84); the fossils dislodged and washed amongst 
the pebbles of the beach. 
DIPNOI 
Fum. lEPIDOSIRENIDAE. 
Protopterus sp. 
One palatopterygoid and one splenial tooth-plate, probably derived from 
the same individual, are the only specimens of Protoplerus from this site. 
Both tooth-plates are somewhat weathered, the upper being bettel' preserved 
and more complete than the lower. 
Neither specimen departs significantly from comparable tooth-plates of 
P. aethiopicus. It must he stressed, however, that only slight' inter-specific 
differences exist in the tooth-plates of the four extant Protopterus species 
and that these differences are easily obscured by intra-specific variability 
and by wear. Thus, it would be unwise to at.tempt the specific diagnosis 
ot these fossils on the basis of tooth morphology alone. 
OSTARIOPHYSI 
Fum. CHARACIDAE. 
Hydrocyon sp. 
This genus is represented by ten well-preserved teeth, all from large 
fishes. The enamel is discoloured 11 soft blue-grey. 
Height of individual teeth (measured directly from base to tip) in milli­
metres; ca. 13; ca. 14; ca. 15(f3); i6; 17(f2); 18; 19 mm . 
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P A R e  N A T I O N A L  A L R E R T  
S I L U R O I D E A  
F a m .  B A G R I D A E .  
B a g r u s  s p .  
B a g r u s  i s  f a i r l y  w e l l  r e p r e s e n t e d  b y  t h e  f o l l o w i n g  m a t e r i a l :  
N  e  u  r o c  l '  a n i  u  m .  - ( i )  A n  a l m o s t  c o m p l e t e  o c c i p u t  d e r i v e d  f r o m  
a  s k u l l  a b o u t  2 3  c m  l o n g .  T h i s  s p e c i m e n  c o m p r , i s e s  t h a t  p a r t  o f  t h e  n e u r o ­
c r a n i u m  s l i g h t l y  p o s t e r i o r  t o  t h e  f r o n t a l - s u p r a o c c i p i t a l  s u t u r e ;  t h e  l a t e r a l  
h o r n  o f  t h e  p t e r o t i c  i s  w a n t i n g  o n  b o t h  s i d e s .  A s  f a r  a s  c a n  b e  d e t e r m i n e d ,  
t h e  p o s i t i o n  " o f  ' t h e  s u t u r e s  a n d  o f  t h e  e x o c c i p i t a l  f o r a m i n a  a r e  i d e n t i c a l  
w i t h  t h o s e  o f  f l a g r u s  d o c m a c  ( F O R S K A L ) .  
( i i )  A  l a r g e  f r a g m e n t  o f  f l a t  b o n e  i s  t h o u g h t  t o  b e  p a r t  o f  a  f r o n t a l .  
I f  t h i s  i d e n t i f i c a t i o n ,  i s  c o r r e c t ,  t h e n  t h e  b o n e  i s  f r o m  a  s k u l l  g r e a t e r  t h a n  
2 5  c n i  n e u r o c r a n i a l  l e n g t h .  
( i i i )  A n  a l m o s t  e n t i r e  d e r m e t h m o i d  f r o m  a  n e u r o c r a n i u m  a b o u t  1 4  e m  
l o n g .
.
D e n  t  i t  r  y .  - T w o  f r a g r n e n t s .
'  
O p e r  c u  1 u m .  - A  v e r y  s m a l l  f r a g m e n t  c o m p r i s i n g  t h e  f a c e t  a n d  b o n e  
i m m e d i a t e l y  s u r r o u n d i n g  i t ;  f r o m  a  s k u l l  o f  c a .  1 2  c m  n e u r o c r a n i a l  l e n g t h .  
V e r  t e  h  r a e .  - T h e  a n t e r i o r  f u s e d  v e r t e b r a l  m a s s  i s  r e p r e s e n t e d  b y  
t w o  i n c o m p l e t e  s p e c i m e n s ,  i n  w h i c h  o n l y  t h e  c e n t r a  a r e  p r e s e r v e d ;  e s t i m a t e d  
t o  b e  f r o m  f i s h e s  o f  c a .  2 4  a n d  c a .  1 2  c m  n e u r o c r a n i a l  l e n g t h .  
C 1 a r o t e s  s p .  
T h e  a r t i c u l a r  h e a d s  o f  t w e l v e  p e c t o r a l  s p i n e s  ( 1  l e f t  a n d  2  r i g h t )  a r e  
a s s i g n e d  t o  t h i s  g e n u s .  T h r e e  o t h e r  s p i n e  h e a d s  a n d  t h r e e  d i s t a l  f r a g m e n t s  
a r e  t e n t a t i v e l y  a s s i g n e d  t o  C l a r o t e s .  
A u c h e n o g l a n i s  s p .  
F o u r  f r a g m e n t s  o f  n e u r o c r a n i u m  a r e  r e f e r r e d  t o  A u c h e n o g l a n i s  o n  t h e  
b a s i s  o f  t h e i r  o r n a m e n t a t i o n ,  c u r v a t u r e  a n d  r e l a t i v e  t h i c k n e s s .  
T h e  p r o x i m a l  p a r t  o f  a  r i g h t  p e c t o r a l  s p i n e  c a n  d e f i n i t e l y  b e  a s s i g n e d  
t o  A u c h e n o q l a n i s ,  a s  C ( ; t H  a n  a l m o s t  e n t i r e  d o r s a l  s p i n e  a n d  t h e  p r o x i m a l  
p a r t  o f  a n o t h e r .  T w o  ' i n c o m p l e t e  p e c t o r a l  s p i n e s  ( l e f t  a n d  r i g h t )  a n d  t w o  
d i s t ' a l  f r a g m e n t s  o f  d o r s a l  s p i n e s  a r e  t e n t a t i v e l y  r e f e r r e d  t o  t h i s  g e n u s .  
A l l  s p e c i m e n s  a r e  f r o m  l a r g e  f i s h e s .  
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BAGRIDAE, GENERA INDETERMINABLE. 
Vert e b l' a e. - One, somewhat damaged specimen of a 1st. vertebra 
(from a fish ca. 160 cm standard length); the centra of five precaudal and 
two caudal vertebrae (from fishes of ca. 145 and 160 cm standard length).' 
C lei t h l' urn. - A fragment from the slightly bullate region which 
overlies the articular fossa for the pectoral spine; perhaps nearest that of 
Clarotes. 
S pin e s . - The damaged articular heads of eleven pectoral spines. 
Fam. MOCHOCIDAE. 
? Synodontis. 
This genus is probably represented by the following specimens: the 
proximal part of a pectoral spine whose articular head is damaged (from 
a fish ca. 30 cm S.L.); a fragment from the distal third of a dorsal spine 
and a fragment from the middle third of a pectoral spine (both from fishes 
about 35 cm S.L.). 
More doubtfully referred to Synodontis are eight fragments of dorsal and 
pectoral spines. 
Fam. CLARIIDAE. 
? Clarias. 
Two precaudal vertebrae (centra only) are tentatively consigned to this 
family and to the genus Clarias. It is estimated that the vertebrae are from 
fishes of ca. 60 and 75.cm. S.L. 
FAMILY INDETERMINABLE. 
Nine pectoral spines, all incomplete, and forty-two fragments from the 
distal ends of dorsal and pectoral spines are clearly derived from Siluroid 
fishes, but cannot be further identified. 
Sku II f l' a g men t s (possibly Clariidae). -- These pieces of roofing 
bones are too small for accurate identification; all are ornamented with 
low, blunt tubercles. No specimen shows any curvature, thus reducing 
the possibility of their being from Auchenoglanis, whilst the lack of ridges 
on the ornamented surface reduces the likelihood of their being from any 
known Bagrid. 
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P A R e  N A T I O N A L  A L B E R T  
P E R C O M O R P H I  
F a m .  C E N T R O P O M I D A E .  
L a t e s  c f .  L .  n i l o t i c u s .  
S p e c i m e n s  o f  L a t e s  p r e d o m i n a t e ,  b o t h  n u m e r i c a l l y  a n d  i n  t h e  d i v e r s i t y  
o f  e l e m e n t s  p r e s e r v e d ,  o v e r  a l l  o t h e r  f i s h - f o s s i l s  f r o m  t h i s  s i t e .  
F e w  i n t e r s p e c i f i c  d i f f e r e n c e s  c a n  b e  d e t e c t e d .  i n  t h e  s k e l e t o n s  o f  t h e  
e x t a n t  s p e c i e s  ( o r  s u b - s p e c i e s )  L a t e s  n i l o t i c u s  ( L I N N E ) ,  L .  a l b e r t i a n u s  
W O R T H I N G T O N  a n d  L .  r n a c r o p h t h a l r n u s  W O - R T H I N G T O N .  F u r t h e r m o r e ,  w h e r e  
t h e  f o s s i l s  h a v e  b e e n  c o m p a r e d  w i t h  t h e s e  s p e c i e s  n o  o b v i o u s  d i f f e r e n c e s  
c o u l d  b e  d e t e r m i n e d .  I t  i s  t h e r e f o r e  i m p o s s i b l e  t o  a s s i g n  t h e  K a n y a t s i  
m a t e r i a l  t o  a n y o n e  o f  t h e s e  s p e c i e s .  S i n c e  W O R T H I N G T O N  ( 1 9 4 0 )  i s  o f  t h e  
o p i n i o n  t h a t  L .  a l b e r t i a n u s  a n d  L .  m a c r o p h t h a l m u s  m a y  b e  o n l y  s u b - s p e c i f i ­
c a l l y  d i s t i n c t  f r o m  L .  n i l o t i c u s ,  i t  w o u l d  s e e m  r e a s o n a b l e  t o  c o n s i d e r  t h i s  
m a t e r i a l  a s  r e p r e s e n t i n g  a  l o w e r  P l e i s t o c e n e  p o p u l a t i o n  o f  L .  n i l o t i c u s  
w h i c h  i n h a b i t e d  t h e  L a k e  E d w a r d  b a s i n .  
N  e  u  r o c  r a n  i  u r n .  ~ ( i )  A n  a l m o s t  e n t i r e  n e u r o c r a n i u m ,  t h e  l e f t  s i d e  
o f  w h i e h  i s  m o r e  d a m a g e d  a n d  d i s t o r t e d  t h a n  t h e  r i g h t .  S i n i s t r a l l y  t h e  
r o o f i n g  b o n e s  a r e  a l m o s t  e n t i r e l y  a b s e n t ,  w h i l s t  d e x t r a l l y  t h e s e  b o n e s  a r e  
v i r t u a l l y  c o m p l e t e ,  a l t h o u g h  t h e  s u p r a - o c c i p i t a l  a n d  p a r i e t a l  r i d g e s  a r e  
b r o k e n .  L i k e w i s e ,  t h e  o t i c  r e g i o n  o f  t h e  l e f t  s i d e  i s  f r a c t u r e d  a n d  m a n y  o f  
i t s  e l e m e n t s  d i s p l a c e d .  P o s t e r i o r l y ,  t h e  m e d i a n  s u p r a - o c c i p i t a l  p r o j e c t i o n  
a n d  t h e  m e s i a l  e x o c c i p i t a l  r o o f  t o  t h e  f o r a m e n  m a g n u m  a r e  b o t h  m i s s i n g ;  
t h e  b a s i o c c i p i t a l  f a c e t  i s  o n l y  s l i g h t l y  d a m a g e d .  
A n t e r i o r l y ,  t h e  s k u l l  l a c k s  i t s  e t h m o i d ,  p r e - f r o n t a l s  a n d  v o m e r .  S i n c e  
t h e  p a r a s p h e n o i d  t e r m i n a t e s  s o m e w h a t  p o s t e r i o r l y  t o  i t s  j u n c t i o n  w i t h  t h e  
v o m e r ,  i t  i s  i m p o s s i b l e  t o  m e a s u r e  t h e  c o m p l e t e  b a s i l a r  l e n g t h  o f  t h i s  s k u l l :  
t h e  l e n g t h  t a k e n  f r o m  t h e  a n t e r i o r  f r a c t u r e  t o  t h e  m o s t  p o s t e r i o r  p o i n t  o f  
t h e  b a s i o c c i p i t a l  f a c e t  i s  2 5 . 7  c m ;  t h e  e s t i m a t e d  t o t a l  b a s i l a r  l e n g t h  
i s  c a .  3 4  c m .  
( i i )  A  f r a g m e n t  o f  n e u r o c r a n i u m  ( f r o m  a  l a r g e  f i s h )  c o m p r i s e s  t h e  d o r s a l  
r o o f i n g  b o n e s  o f  t h e  l e f t  o t i c  r e g i o n  t o g e t h e r  w i t h  a  s m a l l  p a r t  o f  t h e  
s p h e n o t i c - p t e r o t i c  l a t e r a l  w a l l .  T h e  s e c t i o n  o f  s k u l l  p r e s e r v e d  i s  t h a t  
b e t w e e n  t h e  p o s t e r i o r  e p i o t i c  t i p  a n d  t h e  a n t e r i o r  e x t r e m i t y  o f  t h e  s u p r a ­
o c c i p i t a l ,  w h i c h  i s  s u b - b i s e c t e d ,  a n d  w i t h  o n l y  t h e  m o s t  a n t e r i o r  p a r t  o f  i t s  
s p i n e  p r e s e n t .  T h e  f r a g f ] 1 e n t  m e a s u r e s  1 3  e m  a l o n g  t h i s  l i n e .  
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9NATIONAAL ALBERT PARK 
E t h m 0 i d - V 0 mer reg ion. - Seven specimens. With one exception 
most of the dermethmoid, parethmoid and the prefontals are preserv€d in 
each specimen. In the exceptional specimen, the parethmoid and prefrontal 
are present on one side only. . 
The smallest specimen is from a fish having an estimated neurocranial 
length (anterior vomerine tip to the basioccipital facet) of ca. 27 em; the, 
largest is from a skull at least twice that length. . 
'l'he fossils differ only slightly from the ethmoid-vomer region of extant 
Lates species in that the vomerine tooth patch has the outline of a slightly 
rounded diamond, except in the largest specimen where it is approximately 
cardiform. This latter shape is that most frequently observed in extant 
species, irrespective of size. 
Length of the vomerine tooth-patch is given as an indication of size. 
Due to its cardiform toothed area, the largest specimen appears somewhat 
smaller than the next largest specimen. Length of vomerine patch in em : 
2.5; 2.8; ca. 3.0; 3.3; 3.5; 4.4; 3.7. 
The vomer alone is represented by nine specimens; their sizes (as 
measured above) are; 2.0; 2.2; 2.4; 2.5; ca. 2.7; 3.5; 3.6; ca. 3.3 and 3.2 CI11. 
There is also a single specimen comprising the dennethmoid, pl'efrontals 
and a small fragment of the frontals. It is estimated to be derived from 
a fish with a neurocranial length of ca. 27 em. 
Bas i 0 c c i pta 1. -- Represented by twelve specimens all showing 
remarkably similar lines of fracture: ie. the specimens comprise that area 
immediately posterior to the facet and the ventral portion of the bone. 
With three exceptions, all specimens exhibit a similar degree of mineral-
ization and weathering. Exceptional specimens are'more heavily mineral-
ized and badly weathered; in addition, the first vertebra is preserved in situ. 
The size-range is indicated by the greatest width of the basioccipital 
facet. In those specimens with an associated first vertebl:a, width of the 
vertebral face is given; such specimens are indicated thus * : 2.8; 3.3; 3.1; 
3.5; ca. 3.6; 4.0; 4.~; 4.1: 5.0; ca .. 4.3*; 4.9*; and 5.1* em. 
E P i 0 tic and par i eta I - A fragmentary specimen includes part 
of the epiotic-parietal suture and part of the lateral epiotic wall with its 
post-temporal suture. 
Jaws. 
Den tar y. - Eighteen specimens (eleven right, seven left) none of 
which is entire. Since it is both difficult and misleading to estimate the 
total length of fishes from which such fragmentary specimens were derived, 
two measurements of the bone itself are given: its depth at the symphysis, 
and, the width of the dentigerous surface at its broadest point (where this 
point is preserved). 
--_ ... _- -- ........ - ---.- ~~--- ---.:: 
'1 0  
P A R e  N A T I O N A L  A L B E R T  
S y m p h y s i a l  d e p t h  ( e m ) .  
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P r e  m  a  x  i  I t  a .  - E i g h t  s p e c i m e n s  ( 4  l e f t ,  4  r i g h t ) ,  n o n e  e n t i r e .  A l l  
V e l  
a r e  f r o m  t h e  a n t e r i Q r  h a l f  t o  t h i r d  o f  t h e  b o n e .  S i z e  r a n g e  i s  i n d i c a t e d  
b y  b r e a d t h  o f  t o o t h e d  s u d a c e  i m m e d i a t e l y  a d j a c e n t  t o  t h e  s y m p h y s i a l  
s u r f a c e :  3 . 1 ;  2 . 7 ( f 2 ) ;  2 . 6 ;  2 . 5 ( f 3 ) ;  2 . 3 ;  a n d  1 . 4  e m .  
I n  a d d i t i o n ,  t h e r e  i s  a  f r a g m e n t  f r o m  t h e  m i d d l e  p o r t i o n  o f  t h e  p r e ­
1  
s E g l  
t h e  
m a x i l l a .  
m e n  
o f  t l  
M  a  x i i i  a .  - R e p r e s e n t e d  b y  o n l y  o n e  l a r g e  s p e c i m e n  ( l e f t )  f r o m  t h e  
a n d  
a n t e r i o r  h a l f  o f  t h i s  b o n e ,  b u t  l a c k i n g  t h e  a r t i c u l a r  h e a d .  
2  
I n  
Q u a  d  I '  a t e .  - T w e n t y - s i x  s p e c i m e n s  ( 1 0  l e f t ,  1 6  r i g h t )  a l l  i n c o m p l e t e .  
e a c h ,  h o w e v e r ,  t h e  f a c e t  i s  p r e s e r v e d ,  a s  a r e  v a r y i n g  a m o u n t s  o f  t h e  
t h e  
p o p l  
t l l i r l  
p o s t e r i o r l y  d i r e c t e d  b a s a l  l i m b ,  t h e  a n t e r i o r  a s c e n d i n g  m a r g i n  a n d  t h e  b o d y  
e x h i  
o f  t h e  b o n e .  E x c e p t i n g  t w o  s m a l l  s p e c i m e n s ,  a l l  w e r e  d e r i v e d  f r o m  l a r g a  
f i s h e s .  A s  a n  i n d i c a t i o n  o f  s i z e ,  b r e a d t h  o f  t h e  f a c e t  i s  g i v e n :  1 . 2 ;  1 . 5 ;  2 . 3 ;  
c a .  2 . 4 ;  2 . 5 ;  2 . 6 ;  2 . 8 ;  2 . 9  ( f 2 ) ;  3 . 0  ( f 3 ) ;  3 . 2 ;  3 . 3  ( [ 3 ) ;  3 . 4 ;  c a .  3 . 5  ( f 2 ) ;  3 . 5  ( f 2 ) ;  c a .  3 . 6 ;  
3 . 6  ( f 2 ) ;  3 . 7 ;  a n d  3 . 9  e m .  
W i t h o u t  e x c e p t i o n ,  t h e s e  s p e c i m e n s  a r e  h e a v i l y  m i n e r a l i z e d  a n d  s o m e ­
w h a t  w e a t h e r e d  
A  I '  t i c  u  1 a  r .  - S e v e n t e e n  f r a g m e n t a r y  a n d  v a r i o u s l y  f r a c t u r e d  s p e c i ­
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m e n s  ( 9  l e f t ,  8  r i g h t ) .  I n  e a c h ,  t h e  e n t i r e  o r  g r e a t e r  p a r t  o f  t h e  a r t i c u l a r  
4 . 0 ,  
h e a d  i s  p r e s e r v e d ,  a n d  i n  s o m e ,  p a r t  o f  t h e  a n t e r i o r  l i m b  a s  w e l l .  
1  
N o  r e a l l y  s a t i s f a c t o r y  m e a s u r e m e n t  c a n  b e  u s e d  t o  i n d i c a t e  t h e  s i z e  o f  
f i s h e s  f r o m  w h i c h  t h e  s p e c i m e n s  w e r e  d e r i v e d ;  a l l  a r e  l a r g e ,  t h e  l a r g e s t  
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a r t i ,  
a r e  
p r o b a b l y  f r o m  a  s k u l l  c a .  5 5  e m  b a s i l a r  l e n g t h ,  t h e  s m a l l e s t  f r o m  a  s k u l l  
o f  c a .  2 7  e m .  T h e  m O d n , }  s i z e  i s  o n l y  s o m e w h a t  l e s s  t h a n  t h a t  o f  t h e  l a r g e s t  
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P r e  m  a  x i i I  a .  - ­ E i g h t  s p e c i m e n s  ( 4  l e f t ,  4  r i g h t ) ,  n o n e  e n t i r e .  A l l  
a r e  f r o m  t h e  a n t e r i o r  h a l f  t o  t h i r d  o f  t h e  b o n e .  S i z e  r a n g e  i s  i n d i c a t e d  
b y  b r e a d t h  , o f  t o o t h e d  s u r f a c e  i m m e d i a t e l y  a d j a c e n t  t o  t h e  s y m p h y s i a l  
s u r f a c e :  3 . 1 ;  2 . 7 ( f 2 ) ;  2 . 6 ;  2 . 5 ( f 3 ) ;  2 . 3 ;  a n d  1 . 4  e m .  
I n  a d d i t i o n ,  t h e r e  i s  a  f r a g m e n t  f r o m  t h e  m i d d l e  p o r t i o n  o f  t h e  p r e ­
m a x i l l a .  
M  a  x i I I  a .  - R e p r e s e n t e d  b y  o n l y  o n e  l a r g e  s p e c i m e n  ( l e f t )  f r o m  t h e  
a n t e r i o r  h a l f  o f  t h i s  b o n e ,  b u t  l a c k i n g  t h e  a r t i c u l a r  h e a d .  
Q u a  d  r a t  e .  - T w e n t y - s i x  s p e c i m e n s  ( 1 0  l e f t ,  1 6  r i g h t )  a l l  i n c o m p l e t e .  
I I I  e a c h ,  h o w e v e r ,  t h e  f a c e t  i s  p r e s e r v e d ,  a s  a r e  v a r y i n g  a m o u n t s  o f  t h e  
p o s t e r i o r l y  d i r e c t e d  b a s a l  l i m b ,  t h e  a n t e r i o r  a s c e n d i n g  m a r g i n  a n d  t h e  b o d y  
o f  t h e  b o n e .  E x c e p t i n g  t w o  s m a l l  s p e c i m e n s ,  a l l  w e r e  d e r i v e d  f r o m  l a r g e  
f i s h e s .  A s  a n  i n d i c a t i o n  o f  s i z e ,  b r e a d t h  o f  t h e  f a c e t  i s  g i v e n :  1 . 2 ;  1 . 5 ;  2 . 3 ;  
A r t  i  c u i  a  r .  - S e v e n t e e n  f r a g m e n t a r y  a n d  v a r i o u s l y  f r a c t u r e d  : o p e c i ­
c a .  2 . 4 ;  2 . 5 ;  2 . 6 ;  2 . 8 ;  2 . 9  ( f 2 ) ;  3 . 0  ( f 3 , ) ;  3 . 2 ;  3 . 3  ( f 3 ) ;  3 . 4 ;  c a .  3 . 5  ( f 2 ) ;  3 . 5  ( f 2 ) ;  c a .  3 . 6 ;  
3 . 6  ( f 2 ) ;  3 . 7 ;  a n d  3 . 9  e m .  
W i t h o u t  e x c e p t i o n ,  t h e s e  s p e c i m e n s  a r e  h e a v i l y  m i n e r a l i z e d  a n d  s o m e ­
w h a t  w e a t h e r e d  
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m e n s  ( 9  l e f t ,  8  r i g h t ) .  I n  e a c h ,  t h e  e n t i r e  o r  g r e a t e r  p a r t  o f  t h e  a r t i c u l a r  
h e a d  i s  p r e s e r v e d ,  a n d  i n  s o m e ,  p a r t  o f  t h e  a n t e r i o r  l i m b  a s  w e l l .  
N o  r e a l l y  s a t i s f a c t o r y  m e a s u r e m e n t  c a n  b e  u s e d  t o  i n d i c a t e  t h e  s i z e  o f  
f i s h e s  f r o m  w h i c h  t h e  s p e c i m e n s  w e r e  d e r i v e d ;  a l l  a r e  l a r g e ,  t h e  l a r g e s t  
_ r  
p r o b a b l y  f r o m  a  s k u l l  c a .  5 5  e m  b a s i l a r  l e n g t h ,  t h e  s m a l l e s t  f r o m  a  s k u l l  
o f  c a .  2 7  e m .  T h e  m o d a l  s i z e  i s  o n l y  s o m e w h a t  l e s s  t h a n  t h a t  o f  t h e  l a r g e s t  
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NATIONAAL ALBERT PARI{ 11 
~.. 
Pre ope l' cuI u m. - A single specimen (left), almost entire and well 
preserved; thought to be from a skull of ca. 40 cm -basilar length. 
'., Ope l' cuI u m. - Represented by a small fragment from the antero­
dorsal angle of the bone. 
E c top tel' y g aid. ­ Four specimens (1 left, 3 right) of which two are 
almost entire. The two largest specimens are estimated to be from skulls 
I, of ca. 50 cm basilar length, the smaller bones are from skulls of ca. :i5 and 
ca. 20 cm basilar length. 
U l' a h y a 1. - Two specimens both fragments, from the anterior part 
01 the bone. One specimen can be unequivocally identified as the urohyal 
of Lates but the other differs somewhat from both its fossil cogener and the 
urohyal of extant species. Its form is, however, nearer that of Lates than 
any other known genus. 
. All Vert e bra e. 
lcated 
lysial 1 s t Vert e bra. - Eleven specimens. With one exception all show 
slight signs of weathering, particularly of the anterior articular surface; . 
, pre- the exceptional vertebra is remarkably well-preserved. Greatest measure­
ments of the centrum are given for: breadth across the anterior face, depth 
of the anterior face and length: 5.0, 4.1 and 2.5 (f3); 4.0, 3.2, 2.0 (f!1); 3.2, 2.6 
n the and 1.8 (f3); 1.8, 2.8, 1.2 (fi) cm. 
, 
2 n d Vert e bra. - Thirteen specimens. With one exception all lack 
plete. 
,f the 
body 
large 
,; 2.3; 
z.3.6; 
the neural spine and prezygapophyses, and in some specimens the postzyga­
pophyses are also missing. The exceptional vertebra retains the proximal 
third of its neural spine as well as both pairs of zygapophyses.: The material 
exhibits a wide range of weathering. 
Centrum measurements, taken as for the 1st vertebra, are: 5.6, 4.7 and 
2.2 (fi); 4.7,4.0 and 2.0 (f4); 3.5, 3.5 and 2.2 (£1); 3.0, 3.0 and 2.3 (fi); 2.7, 2.6 
and 1.4 (f3); 2.1, 1.8 and. 0.8 (fi); 1.8, 1.6 and 0.8 (fil). One specimen is too 
~ome- ~) badly damaged for accurate measurement. 
3 l' d Vert e bra. - Twenty-four specimens, showing various degrees 
of weathering and preservation; none is entire. Centrum measurements 
speci­ taken as above: 5.5, 4.6 and 2.5 (f5); 5.0, 4.5 and 2.4 (f6); 4.5, 3.7 and 2.0 (f8); 
icular 4.0,3.0 and 1.5 (f4); 3.7,2.5 and 1.5 (fi) em. 
ize of 
argest 
skull 
In addition, there is a specimen of vertebrae 3 and 4 preserved in 
articulation; centrum measurements (as above), taken from the 3rd vertebra, 
are 5.5, 4.5 and 2.8 cm. 
l.rgest 4 t h Vert e bra. - One well-preserved and almost entire bone lacks 
only the distal half of its neural spine. Centrum measurements (as above) : 
------~ ._-~-=-~---
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1 . 8 ,  1 . 6  a n d  1 . 3  c m . .  T w o  o t h e r  f o u r t h  v e r t e h r a e  a r e  l e s s  w e l l  p r e s e r v e d  
a n d  m e a s u r e  3 . 7 ,  2 . 7  a n d  2 . 2  c m ,  a n d  3 . 5 ,  2 . 7  a n d  2 . 3  c m  r e s p e c t i v e l y .  
T w o  s p e c i m e n s  e a c h  c o m p r i s e  t h e  2 n d - 4 t h  v e r t e b r a e  s t i l l  i n  a r t i c u l a t i o n .  
S i n c e  t h e  f o u r t h  v e r t e b r a  i n  o n e  g r o u p  i s  d a m a g e d ,  m e a s u r e m e n t s  f O t '  t h i s  
s p e c i m e n  a r e  t a k e n  f r o m  t h e  p o s t e r i o r  f a c e  o f  t h e  t h i r d  v e r t e b r a :  b r e a d t h  4 . 5 ,  
h e i g h t  c a . 3 . 5 ,  l e n g t h  2 . 3  c m .  I n  t h e  o t h e r  s p e c i m e n s ,  m e a s u r e m e n t s  t a k e n  
f r o m  t h e  p o s t e r i o r  f a c e  o f  t h e  f o u r t h  v e r t e b r a  a r e :  5 . 5 ,  4 . 5  a n d  2 . 8  c m .  
o  t h e r  p r e c a u d a  I  v e r  t e b  I '  a  e .  
B e c a u s e  c h a r a c t e r s  s e r v i n g  t o  i d e n t i f y  i n d i v i d u a l l y  t h e  f i f t h  t o  e l e v e n t h  
v e r t e b r a e  a r e  n o t  a l w a y s  t r e n c h a n t ,  e v e n  w h e n  p r e s e r v e d ,  i t  i s  n e c e s s a r y  
~ 
t o  c o n s i d e r  t h e s e  e l e m e n t s  g r o u p e d  a s  5 t h - 7 t h ;  8 t h - 9 t h  a n d  l O t h - H t h  v e r t e b r a e .  
I n  m o s t  s p e c i m e n s  t h e  n e u t r a l  s p i n e  i s  w a n t i n g ,  a l t h o u g h  t h e  b a s a l  
p o r t i o n  o f  t h e  n e m a l  a r c h  i s  s o m e t i m e s  p r e s e n t . '  o t h e r w i s e  t h e s e  b o n e s  a r e  
w e l l  p r e s e r v e d  a n d  h a v e  u n d e r g o n e  o n l y  s l i g h t  w e a t h e r i n g .  
V  e  r  t  e  b r a  e  [ )  - 7 .  - - T w e n t y - f o u r  s p e c i m e n s .  M e a s u r e m e n t s  a r e  g i v e n  
f o r  t h e  b r e a d t h  o f  t h e  a n t e r i o r  f a c e ,  d e p t h  o f  t h i s  f a c e  a n d  t h e  l e n g t h  o f  
t h e  c e n t r u m :  6 . 4 ,  4 . 7  a n d  6 . 5 ;  6 . 0 ,  4 . 5  a n d  4 . 5 ;  5 . 7 ,  4 . 4  a n d  4 . 0 ( f 2 ) ,  5 . 5 ,  
4 . 5  a n d  4 . 1  ( f 2 ) ;  5 . 4 , , 4 . 0  a n d  3 . 5 ;  5 . 3 , 4 . 0  a n d  3 . 2 ;  5 . 2 ,  4 . 1  a n d  3 . 8 ;  4 . 8 ,  4 . 2  a n d  
3 . 8 ;  4 . 8 ,  3 . 7  a n d  3 . 0 :  4 . 7 ,  c a .  3 . 6  a n d  3 . 2 ;  4 . 4 ,  3 . 5  a n d  3 . 0  ( f 2 ) ;  4 . 3 ,  3 . 5  a n d  3 . 0 ;  
~;'	 
4 . 2 ,  3 . 8  a n d  3 . 0 ;  4 . 2 ,  3 . 3  a n d  3 . 3 ;  3 . 4 ,  3 . 0  a n d  2 . 8 ;  2 . 9 ,  2 . 2  a n d  2 . 0 ;  2 . 3 ,  2 . 0  
a n d  f . 9 .  O n e  s p e c i m e n  i s  t o o  b a d l y  d a m a g e d  f o r  e v e n  a p p r o x i m a t e  m e a s u r e ­
men~.
~ \  
H  
V e  r  t  e  b r a  e  8  a n d  9 .  - S i x t e e n  s p e c i m e n s ;  m e a s u r e m e n t s  t a k e n  
a s  a b o v e :  - 6 . 0 ,  4 . 5  a n d  4 . 5  ( f 3 ) ;  5 . 2 ,  4 . 5  a n d  , L O  ( f 3 ) ;  4 . 5 ,  4 . 1 1  a n d  3 . ( )  ( f 3 ) ;  
~	 
4 . 3 , 4 . 0  a n d  3 . 4 ( f i ) ;  4 . 0 ,  3 . 7  a n d  3 . 2 ( f 2 ) ;  3 . 6 , 3 . 2  a n d  3 . 1 ( f i ) ;  2 . 8 ,  2 . 8  a n d  2 . 6 ( f i ) ;  
1 . 8 ,  1 . 8  a n d  1 . 8  ( f 2 )  c m .  
V e  r  t  e  b r a  e  1 0  a n d  1 1 .  - T w e l v e  s p e c i m e n s ;  t h D  c e n t r u m  i s
i  
d a m a g e d  i n  f i v e  s p e c i m e n s  a n d  n o n e  h a s  w e l l  p r e s e r v e d  n e u r a l  a r c h e s  o r  
~ 
l a t e r a l  p m ' a p o p h y s e s .  M e a s u r e m e n t s  a s  a b o v e :  - 6 . 4 ,  5 . 2  a n d  4 . 0 ;  6 . 0 ,  5 . 2
•  
i 	  
a n d  4 . 6  ( f 2 ) ;  4 . 8 ,  4 . 6  a n d  4 . 0  ( f 4 ) ;  ! ± . O ,  4 . 0  a n d  4 . 3 ;  3 . 5 ,  3 . 2  a n d  3 . 0  ( f i ,  ] l l u s  
o n e  d a m a g e d  v e r t e b r a  e s t i m a t e d  t o  h a v e  t h e s e  d i m e n s i o n s ) ;  3 . 0 ,  3 . 0  a n d
,
i  
2 . 5  ( f i ) ;  2 . 4 ,  2 . 4  a n d  2 . J ±  ( f i )  e m .  
.~ 
4 	  
C a u d a l  v e r t e b r a e .  
~ 
•  
F o r t y - o n e  s p e c i m e n s 	  w h o s e  s e r i a l  i d e n t i t y  c a n n o t  b e  d e t e r m i n e d .  T h e  
~ 
s t a t e  o f  p r e s e r v a t i o n 	  a n d  d e g r e e  u f  w e a t h e r i n g  s h o w n  b y  t h e s e  b o n e s  i s
i 	  
c o m p a r a b l e  w i t h  t h a t  o f  t h e  p r e c a u d a l  v e r t e b r a e ,  a l t h o u g h  a  l a r g e r  n u m b e r  
o f  c a U d a l  e l e m e n t s  h a s  d a m a g e d  c e n t r a .  I n  o n l y  t w o  s p e c i m e n s  a r e  t h e  
n e u r a l  a r c h e s  a n d  s p i n e s  p r e s e r v e d ,  a n d  i n  n o n e  i s  t h e  h a e m a l  a r c h  p r e s e n t .  
M e a s u r e m e n t s  ( a s  a b o v e )  a r e :  - 5 . 0 ,  4 . 8  a n d  3 . 8  t o  4 . 6 ,  4 . 2  a n d  4 . 0  I f 7 ) :  3 . 8 ,  
4  
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4.2 and 3.4(f8); 3.6, 3.6 and 3.3(fi); 3.2, 3.5 and 2.5 to 3.0, 3.0 and 2.li(.fi4); 
2.8, 2,8 and 2.6(f5); 2.6, 2.6 and 2.5 to 2.5, 2.5 and ~,O(f3); 2.0, 2.0 and 2.0(f2); 
1.5, 1.5 and L9(fi) em. 
Pen u 1tim ate and las t v e l' t e bra e. - One specimen comprising 
both these elements in association. Another specimen is of the last vertebra 
only. 
o the r v e l' t e bra e. - The serial identity of twenty-seven vertebrae 
(and one fragment) cannot be determined; the majority are probably pre­
caudal elements. 
Pee tor a 1 g i l' dIe. - Represented by three fragmentary specimens of 
the cleithrum, which are, hO\vever, sufficiently characteristic to allow their 
immediate identification. 
Fin s. 
S pin e s. - Thirty-eight specimens of various lengths, but including 
the proximal articular portion, are most probably dorsal fin-spines; the 
possibility that some may be anal spines cannot entirely be discounted. 
Two distal fragments are tentatively assigned to Lates. 
Ten additional fragments should probably be referred to this genus. 
Interneural and interhaemal pterygiophores: The distal ends' of five 
interneurals, together with the proximal two-thirds of a sixth specimen are 
placed in this genus, as are f 0 uri nco m pIe t e in t e l' h a e mal s. 
, 
Pee tor a 1 fin - l' a y s . -- Four articulated rays from the anterior part 
of the fin are assigned to Lates. 
Pee tor a 1 s pin e. - A small fragment from the distal end of a spine 
should probably be referred to this genus. 
~, 
I"
,: 
Fam. CICHLIDAE. 
Tilapia sp. 
This species is very poorly represented by a caudal vertebra, lacking both 
neural and haemal arches (from a fish ca. ~O em S.L.), and by distal portions 
of two interhaemal pterygiophores, from fishes of about the same size. 
Since there are so few specimens of Tilapia from this site, and because 
the genus is not represented in other deposits of this age, the possibility 
that these specimens were derived from younger deposits cannot be 
overruled. 
.--
- ... _- . - ---------. -~:: - -_. --- --~-_._-----_.-
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G E N E R I C A L L Y  I N D E T E R M I N A B L E  M A T E R I A L .  
F i n  - s  p i n  e  s .  - 6  f r a g m e n t s ,  o n e  p r o b a b l y  f r o m  a  S i l l L r o i d  f i s h  a n d  
f i v e  f r o m  p e r c o m o r p h s .  
P t e r  y  g  i 0 P h 0 r e .  - - A f r a g m e n t .  
? B a s i 0  c c i  p i t a  1 . - A  f r a g m e n t  p r o b a b l y  f r o m  t h e  b a s i o c c i p i t a l  f a c e t .  
, .  
D e n t i g e r o u s  b o n e s .  - T w o ;  o n e  p o s s i b l y  a  f r a g m e n t  o f  L a l e s
I  
p h a r y n g e a l  b o n e ,  t h e  o t h e r  p r o b a b l y  f r o m  t h e  d e n t a r y  o f  t h i s  s p e c i e s .  
O f  p a r t i c u l a r  i n t e r e s t  a r e  t w o ,  s m a l l ,  s u b - c i r c u l a r  o b j e c t s  w h i c h  c a n n o t  
e v e n  d e f i n i t e l y  b e  c o n s i d e r e d  a s  f i s h  r e m a i n s .  T b e i r  s m o o t h ,  a l m o s t  p o l i s h e d  
e x t e r i o r  i s  s u g g e s t i v e  o f  e n a m e l  a n d  c o m p a r e s  c l o s e l y  i n  t e x t u r e  a n d  c o l o u r  
w i t h  t h e  e n a m e l  s u r f a c e  o f  H y d r o c y u n  t e e t h ,  f r o I R  t h i s  h o r i z o n .  T h e  
p r e s u m e d  u p p e r  s u r f a c e  h a s  t h e  f o r m  o f  a  l o w  d o m e ;  t h e  l o w e r  a s p e c t  i s  
I  
l e s s  r e g u l a r  i n  o u t l i n e ,  w i t h  a  n a r r o w  c i r c u l a r  p e r i p h e r y  e n c l o s i n g  a  
~
~ 
s h a l l o w ,  r e d d i s h - b r o w n  c o n c a v i t y .  A  d i s t i n c t  n e c k  s e p a r a t e s  t h e  c u r v e d  
~ 
u p p e r  s u r f a c e  f r o m  t h e  n a r r o w  p e r i p h e r y  o f  t h e  l o w e r  s u r f a c e .  T h e  g r e a t e s t  
f  
d i a m e t e r  o f  t h e  t w o  s p e c i m e n s  i s  0 , 6 5  a n d  0 . 5  e m ,  a n d  t h e  l e a s t  d i a m e t e r  i s  
t  
O . D  a n d  0 . 4  e m .
i
;  
S i n c e  t h e s e  o b j e c t s  a r e  a t  p r e s e n t  u n i d e n t i f i a b l e  i t  i s  o n l y  p o s s i b l e  t o  
s u g g e s t  t h a t  t h e y  m a y  b e  p h a r y n g e a l  t e e t h  o f  s o m e  l a r g e  f i s h ,  p e r h a p s  a n  
"  
~ 
e x t i n c t  C y p r i n i d ,  o r ,  a s  s e e m s  m o r e  p r o b a b l e ,  t h e y  m a y  b e  p a r a s p h e n o i d a l  
~ 
t e e t h  f r o m  a  l a r g e  H y p e r a p i s u s - l i k e  f i s h .  
S I T E  I I  
K a n y a t s i .  B e d s  o f  K a i s o  a g e  ( p . 8 5 ) .  F o s s i l s  d e t a t c h e d  u y  
e r o s i o n  a n d  t h e  t r a m p l i n g  o f  a n i m a l s .  
•
O S T A R I O P H Y S I  
S I L U R O I D E A  
F a m .  B A G R I D A E .  
S i l u r o i d  f i s h e s  f r o m  t h i s  d e p o s i t  a r e  v e r y  p o o r l y  r e p r e s e n t e d  b y  f r a g m e n t s 
  
t e n t a t i v e l y  a s s i g n e d  t o  t h e '  B a g r i d  g e n e r a  A u c h e n o g l a n i s  a n d  ( ' J a r a l e s . 
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.., 
Auchenoglanis sp. 
:J. and The proximal part of a pectoral spine, including the articular head, is 
referred to this genus on the basis of the detailed structure of its various 
articular surfaces. 
facet. 
C1arotes sp. 
The damaged proximal ends of two pectoral spines are assigned to this 
Lates genus. As in the spines refered to Auchenoglanis, few characters are 
s. preserved which will permit precise diagnosis. In neither of the Clarotes 
annat spines is the articular part entire, but the major head is fairly complete 
lished in both specimens. 
~olour 
The 
~ct is 
iag a 
urved 
'eatest 
~ , 
/ • 
A fragment of dentary is tentatively identified as that of Clarotes. 
Faro. CLARIIDAE. 
3ter is Two fragments of dentigerous bones are probably derived from Clariid 
fishes. 
ble to 
ps an 
lOidal GENERICALLY INDETERMINABLE SILUROIDEA. 
(i) A small and badly damaged pectoral spine fragment. 
(ii) Part of a pectoral spine still associated with its matrix. 
(iii) Three fragments of fin-spines. 
PERCOMORPHI 
d by 
Fam. CENTROPOMIDAE, 
~) 
... 
Lates cf. L. niloticus. 
r 
N e u l' 0 C l' ani u m. - (i) Part of a skull comprising the entire right 
side of the basioccipital, the lower part of the exoccipital (including the 
greater part of its condyle), that portion of the opisthotic enclosed between 
the exoccipital, basioccipital and the parasphenoid, and the posterior part 
of the parasphenoid. An almost undamaged first vertebra is preserved 
in situ. Neurocranial length of the entire skull is estimated to be ca. 23 em. 
lents (ii) Basioccipital: two specimens, neither entire. 
neurocrania ca. 25 and ca. 35 em long. 
Estimated to be from 
1i
-
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( i i i )  V o m e r :  o n e  i n c o m p l e t e  s p e c i m e n  b u t  i n c l u d i n g  t h e  d e n t i g e r o u s  
a r e a ,  w h i c h  i s  c a r d i f o r m  i n  o u t l i n e ;  f r o r n  a  s k u l l  c a .  2 5  c m  l o n g .  
( i v )  P a r a s p h e n o i d  :  s i x  f r a g m e n t s  o f  v a r i o u s  s i z e s ,  r e p r e s e n t i n g  p o r t i o n s  
f r o m  t h e  p r e o r b i t a l  r e g i o n  o f  t h i s  b o n e .  A l l  a r e  d e r i v e d  f r o m  l a r g e  f i s h e s .  
J a w s .  
D e n  l  a  r  y .  - S i x  f r a g m e n t s  ( 4  l e f t ,  2  r i g h t )  f r o m  t h e  a n t e r i o r  ( s y m ­
p h y s i a l )  p o r t i o n ;  a l l  a r e  f r o m  l a r g e  f i s h e s .  A s  a n  i n d i c a t i o n  o f  s i z e ,  t h e  
v e r t i c a l  h e i g h t  a t  t h e  s y m p h y s i s  i s  g i v e n :  L e f t :  4 . 2 ;  3 . 9 ;  2 . 9 ;  a n d  2 . 7  e m .  
H i g h t :  3 . 5  a n d  3 . 1  c m .  
P r e  m  a  x  i  I I  a  .  - - A  s m a l l  f r a g m e n t  f r o m  t h e  a n t e r i o r  h a l f  o f  t h e  b o n e ;  
d e r i v e d  f r o m  a  l a r g e  J i s h .  A n o t h e r ,  a n d  e v e n  m o r e  f r a g m e n t a r y  s p e c i m e n  
i s  a l s o  d e r i v e d  f r o m  a  l a r g e  f i s h .  '  
A r t  i  c u I  a  r .  - T w o  b a d l y  d a m a g e d  s p e c i m e n s  ( b o t h  r i g h t )  e a c h  
c o m p r i s i n g  t h e  f a c e t  a n d  r e g i o n  i m m e d i a t e l y  s u r r o u n d i n g  i t ;  b o t h  a r e  
d e r i v e d  f r o m  l~rg~ f i s h e s .  T h e  g r e a t e s t  l e n g t h  o f  t h e  f a c e t  i s  2 . 1  a n d  2 . 7  c m  
f o l '  t h e  s p e c i m e n s  r e s p e c t i v e l y .  
Q u a  d  r a t  e .  - A  s i n g l e  f r a g m e n t a r y  s p e c i m e n .  T h e  g r e a t e s t  b r e a d t h  
o f  t h e  a r t i c u l a r  s u r f a c e  i s  1 . 8  c m .  
P r e  0 p e r c u I u  ~. - ( i )  A  l a r g e  f r a g m e n t  w h i c h  c o m p r i s e s  t h e  g r e a t e r  
p a r t  o f  t h e  v e r t i c a l  l i m b  a n d  a  s m a l l  p o r t i o n  o f  t h e  h o r i z o n t a l  l i m b .  T h e  
c h a r a c t e r i s t i c  s p i n e s  a t  t h e  l o w e r  a n g l e  a r e  d a m a g e d ,  b u t  t h e  o r i g i n  o f  t h e  
f i r s t  t w o ,  v e n t r a l l y  d i r e c t e d  s p i n e s  i s  p r e s e r v e d .  T h e  e s t i m a t e d  h e i g h t  o f  
t h e  v e l : t i c a l  l i m b  - t a k i n g  i t s  s e n s o r y  c a n a l  o p e n i n g s  a s  b a s e  - i s  1 7  c m .  
( i i )  A  s m a l l  f r a g m e n t  f r o m  t h e  l o w e r  p a r t  o f  a  v e r t i c a l  l i m b ,  i m m e d i a t e l y  
a b o v e  i t s  p o i n t  o f  c u r v a t u r e  i n t o  t h e  h o r i z o n t a l  l i m b .  
( i i i )  A  s o m e w h a t  s m a l l e r  s p e c i m e n ,  s t i l l  a s s o c i a t e d  w i t h  i t s  m a t r i x .  T h i s  
b o n e  i s  n o  m o r e  c o m p l e t e  t h a n  e i t h e r  s p e c i m e n  d e s c r i b e d  a b o v e ,  b u t  r e p r e ­
s e n t s  a n  e n t i r e  h o r i z o n t a l  l i m b  w i t h  t h e  t h r e e  v e n t r a l l y  d i r e c t e d  s p i n e s  w e l l  
p r e s e r v e d .  
P e c t o r a l  g i r d l e .  
C l e i  t  h  I '  U  m  .  - R e p r e s e n t e d  b y  t h r e e  s p e c i m e n s .  ( i )  A  f r a g m e n t  f r o m  
t h e  a n g l e  b e t w e e n  v e r t i c a l  a n d  h o r i z o n t a l  l i m b s  o f  t h e  b o n e ;  d e r i v e d  f r o m  
a  v e r y  l a r g e  f i s h .  
( i i )  A  s m a l l e r  f r a g m e n t  a l s o  f r o m  t h e  s a m e  r e g i o n .  
( i i i )  A  s m a l l  f r a g m e n t  f r o m  t h e  h o r i z o n t a l  l i m b  i m m e d i a t e l y  a n t e r i o l  
t o  t h e  a n g l e  b e t w e e n  h o r i z o n t a l  a n d  v e r t i c a l  l i m b s ;  f r o m  a  v e r y  l a r g e  f i s h .  
?  S u p  I '  a c  l e i  t  I '  U  m  - A  s i n g l e  s p e c i m e n ,  d e r i v e d  f r o m  a  v e r y  l a r g e  
f i s h ,  i s  c o n s i d e r e d  t o  b e  t h e  p r o x i m a l  e n d  o f  t h i s  b o n e .  
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Vertebrae. 
Unless specified otherwise, all measurements of breadth and height weretions 
taken from the anterior face of the centrum.shes. 
Fir s t v e r t e bra. - A well preserved and almost entire specimen, 
breadth 3.9; height 3.2 and length 2.3 cm; a fragment (the right half of the 
(sym- centrum), estimated breadth and length 6.5 and 3.5 cm respectively; a 
fragment comprising the right anterior facet and a small part of the centrume, the 
immediately below it, thought to be derived from a vertebra about 4 cm7 em. 
broad and 2.5 cm long. 
bone; Sec 0 n d vel' t e bra. - Two specimens, one almost complete, the 
cimen other lacking its neural arch and prezygapophyses; b.3.1, h.3.4 and 1.1.6; 
1.7, 1.7 and 0.8 cm respectively. 
each T h i r d vel' t e bra. - Four specimens, one of which is badly damaged. 
hare (i) b.6.4, h.4.9, 1.3.0 cm; (ii) 2.4, 1.8, 1.3 cm; (iii) 1.8, 1.5, 1.1 cm: no meas-
!.7 cm urements were made on the fourth specimen. 
Pre c a u d a 1 v e r te bra. - Five fragments of centra, three from 
~eadth large fishes and two from smaller individuals. 
C a u d a 1 ve r t e bra e. - Two almost complete specimens (b.3.3·, h.2.9
reater 
and 1.3.0 and 2.8, 2.8, 2.5 cm) and two fragments. .The 
of the 
Fin-spines.~ht of 
7 cm. Four large fragments from the proximal ends of Percomorph fin-spines 
liately should probably be assigned to I.. ales. Two other fragments, from the 
dist.al end, are also referred to this genus but with less certainty. 
This 
repre- IND~TERMI.NABLE MATERIAL. 
3 well 
Fourteen fragments and three large specimens are undoubtedly of fish 
origin, but cannot be ide:Rtified further. 
from 
from 
teriol 
fish. 
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i s  c o n  
S I T E  I I I  
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r i d g e s  
V o  
F a m .  B A G R I D A E .  
S I L U R O I D E A  
O S T A R I O P H Y S I  
C l a r o t e s  s p .  
R a t a n d a  a v a l ,  U p p e r  S e m l i k i .  D e p o s i t s  o f  K a i s o  a g e ,  e x t e n d -
i n g  s o m e  m e t r e s  a b o v e  t h e  w a t e r  a n d  f o r m i n g  a  s m a n  h i l l  b e l o w  t h e  f o r d  
( p p .  4 3  a n d  4 6 ) .  
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N  
T e n  t a t  i  v  e  i d e  n  t  i  f i e  a  t  i o n  s  .  - ( i )  T h e  p o o r l y  p r e s e r v e d  a n t e r i o r  
r e g i o n  o f  a  l a r g e  s l } u l l  i s  t e n t a t i v e l y  a s s i g n e d  t o  C l a r o t e s .  T h e  s p e c i m e n  
c o m p r i s e s  t h e  d e r m e t h m o i d  a n d  p a r t  o f  t h e  p r e f r o n t a l  o f  e a c h  s i d e .  F e w  
d i a g n o s t i c  c h a r a c t e r s  a r e  p r e s e r v e d  b u t  t h e  s h a p e  o f  t h e  d e r m e t h m o i d  i s  
neare~t t h a t  o f  C l a r o t e s  a n d  t h e r e  a r e  t r a c e s  o f  C l a r o t e s - l i k e  t u b e r c l e s  p r e s e n t  
o n  th~ p o s t e r i o r  p a r t  o f  t h e  p r e f r o n t a l .  
( i i )  T h e  a n t e r i o r  f u s e d  v e r t e b r a l  m a s s ;  a  s i n g l e  s p e c i m e n  d e r i v e d  f r o m  
a  l a r g e  f i s h .  A l m o s t  t h e  e n t i r e  l e n g t h  o f  t h e  f u s e d  c e n t r a  i s  c o m p l e t e  a n d  
a  l a r g e  p a r t  o f  t h e  r i g h t  l a t e r a l  w i n g  i s  p r e s e n t .  T h e  b a s e  o f  t h e  m e d i a n  
d o r s a l  p l a t e  i s  p r e s e r v e d ,  a s  a r e  t h e  b a s a l  a n d  l o w e r  p o r t i o n s  o f  t h e  p a i r e d  
a n d  p o s t e r i o l y  d i r e c t e d  s p i n e s .  A s  f a r  a s  c a n  b e  d e t e r m i n e d  f r o m  t h i s  
f r a g m e n t a r y  a n d  f r a g i l e  s p e c i m e n  t h e  m o r p h o l o g y  o f  t h e  e l e m e n t s  p r e s e r v e d  
i s  n e a r e r  t h a t  o f  t h e  v e r t e b r a l  m a s s  i n  C l a r o t e s  t h a n  i n  B a g r u s .  
A  l a r g e  a n d  e x t e n s i v e l y  d a m a g e d  s k u l l  c a n  b e  d e f i n i t e l y  a s s i g n e d  t o  
C l a r o t e s .  B e s i d e s  t h e  n e u r o c r a n i u m  s o m e  e l e m e n t s  o f  t h e  b r a n c h i o c r a n i u m  
a n d  a n  a l m o s t  e n t i r e  p e c t o r a l  g i r d l e  a r e  p r e s e r v e d  i n  s i t u .  T h e  w h o l e  
s t r u c t u r e  h a s  u n d e r g o n e  d o r s a - v e n t r a l  c o m p r e s s i o n  s o  t h a t  t h e  h y o m a n -
d i b u l a e ,  p t e r y g o i d s  a n d  o p e r c u l a e  a r e  d i s p l a c e d  l a t e r a l l y .  T h e  h y o i d  a r c h  
i s  l e s s  a f f e c t e d ,  w h i l s t  t h e  p e c t o r a l  g i r d l e  i s  a p p a r e n t l y  u n d i s t o r t e d .  M a n y  
b o n e s  a r e  d a m a g e d ,  e s p e c i a l l y  o n  t h e i r  s u p e r f i c i a l  s u r f a c e s .  
. A , ' _  
~ 
N  e  u  r o c  r a n  i  u r n .  - T h e  e x p o s e d  d o r s a l  s u r f a c e  i s  r a t h e r  f r a g m e n t a r y  
a n d  n o n e  o f  t h e  r o o f i n g  b o n e s  i s  p r e s e r v e d  i n  t h e i r  e n t i r e t y .  
E  t  h  m  a i d .  - O n l y  t h e  l e f t  s i d e  o f  t h e  e t h m o i d ,  a n d  a n  a l m o s t  c o m p l e t e  
l e f t  p r e f r o n t a l  a r e  p r e s e n t .  T h e  t u b e r c u l a t e  o r n a m e n t a t i o n  o n  t h e  e t h m o i d  
, . >  
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is confined to its antero-medial aspects and is replaced postero-medially, 
and to a lesser degree laterally, by fairly well defined divergently radiating 
ridges. 
v 0 mer. - Part of the left vomerine tooth-band is visible on the under-· .... 
surface of the skull. 
extend-
the ford Fro n tal s. - Both frontals are incomplete. Although sutures cannot 
be determined with certainty, it seems probable that the anterior part of 
the left frontal and its union with the ethmoid of that side are preserved. 
The right frontal is present only in its posterior extension, including part of 
the junction with the sphenotic. The frontals bear numerous discrete 
tubercles which are not uniformly distributed but aggregated into posterior 
t= 
---- • 
and lateral fields, separated by a zone of fine striations. Both the striae and 
the tubercles are arranged radiately. 
Part of a deep fontanelle separating left and right frontals is preserved. 
Neither sphenotic is present although there is a clearly defined outline 
impression of the right sphenotic. 
None of the dorsal or dorso-latenl bones posterior to the frontals is 
anterior preserved on the left side of the neurocranium. 
pecimen The right pterotic is almost complete although much of its dorsal, surface 
e. Few is damaged. Where present, the ornamentation is tuberculate, 'Yith the 
lmoid is tubercles smaller and more densely aggregated than those of the frontals 
i present and ethmoid. Laterally, the right hyomandibula lies in intimate contact 
with the pterotic. 
ed from The entire occipital region is wanting. 
lete and 
median Branchiocranium. 
e paired 
om this 
reserved 
H yom and i b u 1a e. - The greater part of both·· hyDmandibulae is 
well preserved; the right hyomandibula is apparently in articulation with 
its pterotic facet. 
gned to 
~ranium 
l whole 
lyoman-
lid arch 
Many 
(':' 
The posterior part of the pterygoid is present on each side. Anteriorly, 
a small part of the forwa'fd end of the arch is visible b~low the left prefrontal. 
It is overlain by part of the somewhat laterally displaced palatine. Conse-
quent upon this displacement, the dentigerous patch of the palatine is so 
orientated that it overlies and is continuous with the left vomerine 
tooth-band. 
H y 0 ida r c h . - The slightly damaged epi-, cerato- and hypohyals of 
both sides, together with their median basihyal are preserved in situ. 
nentary These bones are displaced laterally to a degree comparable with the hyo-
mandibulae and pterygoids. 
:>mplete Ope r cui a e. -- The entire right operculum is preserved and the left 
lthmoid is represented by an almost complete outline impression. Ornamentation 
2 0  
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o f  t h e  r i g h t  o p e n m l u m  t a k e s  t h e  f o r m  o f  n u m e r o u s  d i s t i n c t  a n d  
r i d g e s  r a d i a t i n g  c e n t r i f u g a l l y  f r o m  a  f o c u s  n e a r  t h e  f a c e t .  
n a r r o w  
. T a w s .  
~ 
P r e  m  a  x i I I  a  e  a n d  D e n  t a r  i  e  s  .  - N e a r l y  t h e  e n t i r e  l e f t  p r e m a x i l l a  
i s  p r e s e r v e d  i n  a p p r o x i m a t e l y  i t s  n a t u r a l  p o s i t i o n ;  o n l y  a  m e d i a n  f r a g m e n t  
o f  t h e  r i g h t  p r e m a x i l l a  r e m a i n s .  ' r h e  l e f t  d e n t a r y  i s  r e p r e s e n t e d  b y  i t s  
a n t e r o - m e d i a n  p o r t i o n ,  a n d  t h e  r i g h t  m e r e l y  b y  i t s  s y m p h y s i a l  h e a d .  
r  
~ 
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i  
r
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J  
P e e  t o r  a  1  g i l '  d I e .  - T h i s  m a s s i v e  s t r u c t u r e  i s  o n l y  s l i g h t l y  d a m a g e d .  
T h e  l a t e r a L  s u r f a c e s  o f  t h e  c l e i t h r a  a r e  s t r o n g l y  o r n a m e n t e d  w i t h  l a r g e ,  
w e l l - s p a c e d  t u b e r c l e s ;  t h e  s l i g h t  s w e l l i n g s  w h i c h  o v e r l i e  t h e  a r t i c u l a r  f o s s a e  
f o r  t h e  p e c t o r a l  s p i n e s  a r e  o r n a m e n t e d  w i t h  s e v e r a l  v e r t i c a l  a n d  S U b - p a r a l l e l  
r i d g e s .  O n  e a c h  s i d e ,  t h e  h e a d s  a n d  p r o x i m a l  e n d s  o f  t h e  p e c t o r a l  s p i n e s  
a r e  p r e s e r v e d  i n  a r t i c u l a t i o n ;  b e c a u s e  t h e  e x p o s e d  s u r f a c e s  a r e  b a d l y  
w e a t h e r e d ,  i t  i s  i m p o s s i b l e  t o  d e t e r m i n e  t h e  n a t u r e  o f  a n y  o r n a m e n t a t i o n  
w h i e h  m i g h t  h a v e  b e e n  p r e s e n t  o n  t h e  s p i n e s .  
F r a g m e n t s  o f  b o t h  p o s t - t e m p o r a l s  a r e  s t i l l  a s s o c i a t e d  w i t h  t h e i r  r e s p e e t i v e  
c l e i t h r a .  
W i t h i n  t h e  l i m i t s  i m p o s e d  b y  i t s  f r a g m e n t a r y  n a t u r e ,  t h i s  s p e c i m e n  i s  
c o m p a r a b l e  i n  s i z e  a n d  g e n e r a l  a p p e a r a n c e  w i t h  a  s k u l l  d e s e r i b e d  b y  
A R A M B O L " ' R G  ( 1 9 4 7 )  f r o m  t h e  O m o  B e d s  o f  L a k e  R u d o l f .  A R A M B O U R G  r e f e r e d  
h i s  s p e c i m e n  t o  C l a r o t e s  l a t i c e p s ,  b u t  I  d o  n o t  c o n s i d e r  t h e  I s h a n g o  s p e c i m e n  
t o  b e  s u f f i c i e n t l y  w e l l - p r e s e r v e d  t o  w a r r a n t  s p e c i f i c  i d e n t i f i e a t i o n .  
O n l y  f o u r  m e a s u r e m e n t s  e a n  b e  e s t i m a t e d  w i t h  a n y  a c c u r a c y .  
L e n g t h  ( m e a s u r e d  f r o m  t h e  a n t e r i o r  e t h m o i d a l  m i d - p o i n t  t o  t h e  p o s t e r i o r  
m a r g i n  o f  t h e  p t e r o t i e )  :  c a .  3 0  e m .  
G r e a t e s t  b r e a d t h  ( t a k e n  a e r o s s  t h e  h y o m a n d i b u l a e  h e a d s  a f t e r  «  r e s t o r i n g »  
t h e m  t o  t h e i r  n a t u r a l  p o s i t i o n )  :  c a .  1 8  e m .  
L e n g t h  o f  r i g h t  s p h e n o t k  ( t a k e n  a l o n g  i t s  l a t e r a l  m a r g i n )  :  c a .  8  e m .  
G r e a t e s t  l e n g t h  o f  r i g h t  p t e r o t i c  :  c a .  1 0  e m .  
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G E N E R I C A L I N  I N D E T E R M I N A B L E  M A T E R I A l , .  
V e r t  e  b r a  e .  - A  n u m b e r  o f  a n t e r i o r  a b d o m i n a l  v e r t e b r a e ,  a p p a r e n t l y  
d e r i v e d  f r o m  o n e  i n d i v i d u a l ,  i s  p r e s e r v e d  w i t h i n  a  l u m p  o f  m a t r i x .  S e v e r a l  
v e r t e b r a e  a r e  s t i l l  a r r a n g e d  s e r i a l l y ,  w h i l s t  o t h e r s ,  m o r e  a n t e r i o r  i n  t h e  
s e r i e s ,  a r e  d i s p l a c e d .  T h e s e  b o n e s  a r e  v e r y  s i m i l a r  t o  c o m p a r a b l e  e l e m e n t s  
i n  t h e  v e r t e b r a l  e o l u m n  o f  B a g r u s ,  t o  w h i c h  g e n u s  t h e y  a r e  t e n t a t i v e l y  
a s s i g n e d .  
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U N I D E N T I F I A B L E  M A T E R I A L .  
T w e n t y  f r a g m e n t s  a n d  i m p r e s s i o n s  o f  b o n e s ,  
. _  d o u b t f u l l y  c o n s i d e r e d  t o  b e  o f  f i s h  o r i g i n .  
s o m e  o f  w h i c h  a r e  o n l y  
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NATIONAAL ALBERT PARK 
SITE IV 
Kasaka, face a Senga, Upper Semliki. Kaiso beds, outcropping 
about 15-20 metres above the water, and situated on the left bank of the 
Semljki, slightly before the junction of Semliki and Kasaka rivers (pp. 40-
41). Fossils freed by erosion and by the trampling of animals. 
OSTARIOPHYSI 
SILUROIDEA 
Fam. BAGRIDAE. 
GENUS INDETERMINABLE. 
Vert e bra e. - One anterior precaudal vertebra (from il lal'ge fish) 
which compares closely with serially equivalent vertebrae in, Bagrus. 
Centrum measurements, taken from the anterior face, are: breadth ca. ~1.4, 
height 3.7 and length 1.6 em. 
, 
Pee tor a 1 s pin e s. - Two damaged specimens; in each the articular 
head and proximal third of the spine are preserved. Because of their poor 
preservation, these specimens are assigned only tentatively to the Baqridae. 
. Fam. ·MOCHOCIDAE. 
Synodontis sp. 
Four fragments of dorsal spines are referred to this genus, as are two 
fragments thought to be derived from pectoral spines. 
FAMILY INDETERMINABLE. 
Two very fragmentary pectoral spines probably should be assigned to 
the Bagridae. 
One fragment from the proximal end of a dorsal spine closely resembles 
this spine in extant Auchenoglanis occ1:dentalis, especially with regard to 
its coarse sculpturing. 
2 2  
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P E R C O M O R P H I  
F a m .  C E N T R O P O M I D A E .  
L a t e s  s p .  
•  
O n e ,  w e l l - p r e s e r v e d  g i l l - r a k e r  f r o m  t h e  e p i b r a n c h i a l  o f  a r c h  I  c a n   
d e f i n i t e l y  b e  r e f e r r e d  t o  t h i s  g e n u s .  L e n g t h :  c a .  4 . 7  c m .  ( M e a s u r e d  f r o m   
~ 
t h e  b a s a l  m i d - p o i n t  t o  t h e  d i s t a l  t i p ) .   
T e n  f r a g m e n t s  o f  f i n - r a y s  s h o u l d  p r o b , : b l y  b e  a s s i g n e d  t o  L a t e s  .   
. 1  
~ ~ 
I N D E T E R M I N A B L E  M A T E R I A L .  
- 1 ) / /  
T h r e e  l a r g e  f r a g m e n t s  ( p r o b a b l y  p a r t s  o f  t h e  p a r a s p h o n o i d )  r e p r e s e n t i n g  
a t  l e a s t  t w o  g e n e r a ,  t o g e t h e r  w i t h  f i v e  s m a l l e r  f r a g m e n t s  a l s o  o f  n e u r o -
c r a n i a l  o r i g i n ,  c a n n o t  b e  i d e n t i f i e d  f u r t h e r .  
S I T E  I V  a  
B e t w e e n  I s h  a  n  g  a  a n d  K  a n y  a  t  s  i  ( p o i n t  f o s s i l i f e r e  1 , .  2 7 3  e t  L .  3 5 2 )  
a b o u t  4 0  m e t r e s  a b o v e  t h e  l a k e .  
O S T A R I O P H Y S I  
" , ' 1 < 1 ' "
F a m .  C H A R A C I D A E .  
~j 
H y d r o c y o n  s p .  
T h i s  g e n u s  i s  r e p r e s e n t e d  b y  t h r e e ,  w e l l - p r e s e r v e d  t e e t h .  H e i g h t  o f  
t e e t h  ( m e a s u r e d  d i r e c t l y  f r o m  b a s e  t o  t i p )  i n  m i l l i m e t r e s  c a .  1 5 . 0 ,  1 5 . 3  
a n d  H I . O .  
. . -
"'~ 
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..,PERCOMORPHI 
Fam. CENTROPOMIDAE. 
Lates sp. 
Two large (length of each centrum ca. 5 cm) and almost complete centra 
can 
of abdominal vertebrae,with a fragment from a third, preserved in situ;from five other vertebrae (4 abdominal and 1 caudal) and one vertebral fragment. 
A fragment of fin spine should probably be referred to this genus. 
nting 
leuro- SITE V 
Sen g a, Upper Semliki. K a i sob e d s outcropping about 10-15 metres 
above the water. Situated on the right bank, somewhat below the rapids 
and the junction of the Semliki and Kasaka rivers (p. 37). ];~ossils freed by 
erosion and by the trampling of animals. 
.352) OSTARIOPHYSI 
SILUROIDEA 
Fam. BAGRIDAE. 
? Auchenoglanis sp. 
The material listed below is tentatively referred ~o Auchenoglanis since 
trenchant diagnostic characters are not present, in any specimen. Identi-
fication is on the basis of greater correspondence with comparable structures 
in Auchenoglanis than in any other extant Siluroid genus. The specimens
It of comprise:
15.3 
(i) The posterior part of the basioccipital, including its facet; derived 
from a fish with :l neurocranial length greater than 16 cm (the largest 
A. occidentalis available to me). The facet measures 3.1 cm in breadth 
and is 3.1 cm high. 
-
. -....: 
- --------~--
~·l'···
,  
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( i i )  A  n e u r o c r a n i a l  f r a g m e n t  w h o s e  c u r v a t u r e  a n d  o r n a m e n t a t i o n  a g r e e  
c l o s e l y  w i t h  c e r t a i n  b o n e s  i n  t h e  s k u l l  o f  A .  o c c i d c n l a l i s ;  a l s o  d e r i v e d  f r o m  
a  l a r g e  f i s h .  
( i i i )  A  l e f t  h u m e r a l  p r o c e s s  a n d  p o s t e r o - l a t e r a l  p a r t  o f  t h e  c l e i t h r u m ;  
f r o m  a  f i s h  a s  l a r g e  a s  t h a t ,  o r  t h o s e ,  f r o m  w h i c h  s p e c i m e n s  ( i )  a n d  ( i i )  
o r i g i n a t e d .  
( i v )  P a r t  o f  t h e  p r o x i m a l  t w o - t h i r d s  o f  a  l a r g e  p e c t o r a l  s p i n e .  
P E R C O M O R P H I  
.  
F a m .  C E N T R O P O M I D A E .  
L a t e s  s p .  
l J ) U  
T h e  g e n u s  i s  p o o r l y  r e p r e s e n t e d  b y  t h e  f o l l o w i n g  s p e c i m e n s :  
~/ 
i  s  t '  V e  r  t  e  b r a .  - R a t h e r  w e a t h e r e d  a n d  p o s s i b l y  s o m e w h a t  c o m -
p r e s s e d ;  f r o m  a  l a r g e  f i s h .  D e p t h  ( p o s t e r i o r  f a c e  o f  t h e  c e n t r u m )  5 . 2 ,  
b r e a d t h  ( a n t e r i o r  f a c e )  5 . 7  a n d  l e n g t h  3 . 2  e m .  
,  
P o  s  t  e  r i o  r  p r e  e  a u  d  a  I  v e r t  e  b r a .  - A  w e l l - p r e s e r v e d  b u t  i n c o m -
p l e t e  s p e c i m e n :  B r e a d t h  ( a n t e r i o r  f a c e )  2 . 8 ,  h e i g h t  ( a n t e r i o r  f a c e )  2 . 7  a n d  
l e n g t h  2 . 6  e r n .  
P r e  0  p e r  c u i  u  m .  - A  f r a g m e n t  f r o m  t h e  l o w e r  p a r t  o f  t h e  v e r t i c a l  
l i m b ;  e s t i m a t e d  L o  b e  d e r i v e d  f r o m  a  f i s h  a b o u t  1 0 0  e m  s t a n d a r d  l e n g t h .  
Q u a  d  r a t  e .  - - - A  s m a l l  f r a g m e n t  f r o m  t h e  a n t e r o - v e n t r a l  a n g l e ;  d e r i v e d  
f r o m  a  l a r g e  f i s h .  
1  
I  
G E N E R I C A L L Y  I N D E T E R M I N A B L E  MAT}i~RIAL. 
( i )  A  s m a l l  b o n e ,  p o s s i b l y  p a r t  o f  t h e  p r o x i m a l  e n d  o f  a  S i l u r o i d  p e c t o r a l  
s p i n e .  
( i i )  F o u r  f r a g m e n t s ,  o f  u n c e r t a i n  o r i g i n .  
j  \ j J l l  
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SITE VI 
Kat and a am 0 n t, Upper Semliki. Beds of the S e m Ii k i S e r i e s 
(M i d dIe P 18 i s t 0 c e n e), situated on the right bank, about 23 metres 
above the water (p. 47). 
Fish remains from this site are few in number and very fragmentary. 
In most cases, generic identification is problematical. 
OSTARIOPHYSI 
SILUROIDEA 
CLARIIDAE. - A fragment of neurocranium has ornamentation closely 
approximating that of present-day Clarias. An anterior precaudal vertebra 
is also referred to this genus (breadth 2.9 cm, height 2.8 cm [both from the 
anterior face of the centrum J and length 0.9 cm). . 
BAGRIDAE. - Three fragments of flat bone with coarse, tuberculate 
ornamentation are tentatively referred to this family. They may represent 
species of Clarotes or Chrysichthys. ' 
? MOCHOCIDAE (? Synodontis). Represented by the proximal part 
of a fin-spine estimated to be derived from a fish about 20 cm standard 
length. 
Unidentifia-ble·mater'ial. - Four fragments of bone. 
• 
In addition to this material Dr. DE HEINZELIN has kindly sent me a few 
further specimens collected by him in 1954. 
These specimens are identified as follows : 
CLARIIDAE (Clarias sp.), - A fragment of neurocranium, 
? BAGR1DAE. - Four fragments of neurocranium should probably be 
referred to this family, although their ornamentation is coarser than that 
seen in extant Clarotes and Chrysichthys. 
Additional material collected from this site in j954 
(27-30 m above the river) : 
Synodontis : fragment of pectoral spine. 
Late8 : a fragment of vertebra (and possibly one other fragm~nt). 
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SITE Villa 
dispersed Ishango G. INF., at the source of the Semliki. Excavations, 
Debris derived from ancient formations (t hem a.i 0 r i t y fro m K a is 0 
bed s). 'rhe bones black, heavy and rolled. 
DIPNOI 
Fam. LEPIDOSIRENIDAE. 
Ie largest Protopterus sp. 
standard 
The only specimen of Protopterus from this deposit is an incomplete, 
and heavily rolled, left dentary and splenial tooth-plate. 
This splenial tooth-plate differs slightly from those of extant Protopterus 
species which I have examined, or, for which figures are availab~e. The 
principal difference lies in the fossil possessing c deep, medially ,directed 
I a fish depression which separates the low, continuous inner ridge from the third 
(posterior) outer ndge. In P. aelhiopicus these two ridges run imperceptibly 
into oneanother. Nothing indicates that the depressi.on in the fossil is due 
ragment to wear or post-mortem damage. 
A less obvious difference is that the third ridge is short in relation to the 
totallengih of the tooth-plate. The validity of this ratio is perhaps doubtful, 
smce in P. aethiopicus it shows some size correlated v~riatioq, with the third 
ridge longer in large fishes. 
The entire tooth-ridge, meas).lred over its long axis from the posterior 
edge to the symphysial 'surface, is 5.3 cm long. 
OSTARIOPHYSI 
SILUROIDEA 
Fam. CLARIIDAE. 
Eight fragments ot sculptured neurocranial bones are placed in this 
family on the basis of their ornamentation. They should probably be 
referred to the genus Clarias. 
l  
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F a m .  M O C H O C I D A E .  
I   
S y n o d o n t i s  s p .
J
J  
O n e  s p e c i m e n  o n l y ,  ( t h e  a r t i c u l a r  h e a d  a n d  p r o x i m a l  q u a r t e r  o f  a  p e c t o r a l  
s p i n e )  i s  r e f e r r e d  t o  t h i s  g e n u s .  T h e  r e l a t i v e l y  s l i g h t  d e g r e e  o f  w e a t h e r i n g  
s h o w n  b y  t h e  s p i n e  i s  i n  m a r k e d  c o n t r a s t  t o  t h e  o t h e r ,  h e a v i l y  w e f l t h e r e d  
s p e c i m e n s  f r o m  t h i s  d e p o s i t .
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T w o  i n c o m p l e t e  p e c t o r a l  f i n  s p i n e s  ( l e f t  a n d  r i g h t )  a r e  a s s i g n e d  t o  t h i s  
•   
s p e c i e s .  T w o  d a m a g e d  p e c t o r a l  s p i n e s  ( b o t h  r i g h t ) ,  t o g e t h e r  w i t h  t h e   
. .  ~
 
p r o x i m a l  e n d  o f  a  t h i r d  s p e c i m e n ,  a n d  t w o  d i s t a l  f r a g m e n t s  a r e  t e n t a t i v e l y  
r e f e l T e d  t o  C l r t ' r o t e s .  
S l L U R O I D K 4 ,  F A M I L Y  I N D E T E R M I N A B L E .  
F o u r  f r a g m e n t s  o f  d e n t i g e r o u s  b o n e s .  
. \ '
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P E R C O M O R P H I  
1  
F a m .  C E N T R O P O M I D A E .
i  
t  
4   
L a t e s  s p .  
~ 
V e r t e b r a e  p r o v i d e  t h e  o n l y  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  L u t e s  i n  t h i s   
d e p o s i t .  A l l  s p e c i m e n s  a r e  s o m e w h a t  r o l l e d .   
, ( j '  
F i r  s  t  v  e  r  t  e  b r a .  - O n e  s p e c i m e n ,  f r o m  a .  l a r g e  f i s h .  M e a s u r e m e n t s  
t a k e n  f r o m  t h e  p o s t e r i o r  f a c e  a r e :  b r e a d t h  4 . 4 ,  h e i g h t  4 . 5 ,  l e n g t h  3 . 3  e m .  
T h i r d  v e  r  t  e  b r a .  - O n e ,  d a m a g e d  s p e c i m e n :  b r e a d t h  3 . 4  a n d  l e n g t h  
t . 7  c m .  
F  o u r  t  h  v e  r  t  e  b r a .  - F o u r  s p e c i m e n s  w h o s e  m e a s u r e m e n t s  ( t a k e n  
f r o m  t h e  a n t e r i o r  f a c e )  a r e :  ( i )  b .  3 . 9 ,  h .  2 . 0 ,  1 .  3 . t  e m ;  ( i i )  e s t i m a t e d  t o  b e  
a b o u t  t h e  s a m e  s i z e  a s  ( i )  b u t  s p l i t  o b l i q u e l y  a c r o s s  i t s  l o n g  a x i s ;  ( i i i )  b .  3 . 9 ,  
h .   2 . 0 ,  1 .  3 . 1  c m ;  ( i v )  b .  2 . 7 ,  h .  1 . 1 ,  1 .  2 . 0  e m .  
, , 0  
. . . . . . .  - - - - .  
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A badly damaged vertebra is identified as a poster'ior precaudal element. 
There are also two anterior caudal vertebrae (measurements as al:tOve) : 
(i) b. 2.8, h. 3.0, 1. 2.5 em; (ii) b. 1.7, h. 1.7, 1. ,1.6 em, and one face of 
a large vertebra whose greatest and least diameters are 6.6 and 6.0 em 
respectively. 
~ pectoral 
eathering 
'eathered 
SITE Vilib 
As for VIII a, but the debris probably autochthonous; trench N 143G E, 
G. INF.; lower level of the Ishango terrace (Epi-Pleistocene). Bones light-
brown to dark brown in colour, relatively light, porous and little rolled. 
I to this 
Tith the 
ltatively OSTARIOPHYSI 
SILUROIDEA 
Fam. BAG RI DAE. 
Clarotes sp. 
The articular heads of two pectoral spines (1 left, 1 right) are referred 
to this genus. 
Fam. MOCHO~IDAE. 
~ynodontis sp, 
The genus is represented only by a number of incomplete fin-spinesIII this 
identified as follows: • 
D 0 r s al s pin e. - Three specimens all from fishes of about 2b em~ments 
standard length.1. 
Pee tor a I s pin e. Six specimens (three from the proximal endlength 
[1 left, 2 right] and three from the distal end of the spine); derived from 
fishes between 18 and 30 em standard length.
(taken 
to be 
b. 3.9, SILUROIDEA, FAMILY INDETERMINABLE. 
Part of a dorsal fin-spine. 
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cOo 
SITE VIII c 
As above, but trench N 43G E. 
Material from this site is well preserved, shows few signs of weathering 
and is lightly mineralized. Consequently, it contrasts strongly with the 
heavily mineralized and weathered specimens of site VIII a, particularly 
with regard La the preservation of fine detail. In many respects, including 
Lhe adherent micaceous matrix, the appearance of fossils from site VIII c 
closely resembles that of specimens from VIII b and from the Makalian 
deposits of site IX. 
DIPNOI 
Fam. LEPIDOSIRENIDAE. 
Protopterus cf. P. aethiopicU5. 
Den t a I' y and s pIe n i a 1 t a at h - pIa t e . ~ Seven specimens (5 left 
and 2 right); the entire dentary is present in one specimen, the tooth-plate 
is complete or very nearly complete in three, and is represented by its anterior 
part in four other specimens. Two indications of size are given: first, for 
complete teeth, the length of the tooth-plate, and secondly, for incomplete 
plates, the height of. the ~irst too~h fold. 
(i) 4.7, 4.0 and 4.2 em; (ii) 1.4, 1.3, 1,2 (f2) em. 
Pal a top tel' y g aid t a a t h - pIa t e. ~ One r~ther fragmentary spe-
cimen, in which the first and second tooth-ridges are preserved. 
All these specimens are well-preserved; none shows any marked morpho-
logical differences from comparable tooth-plates in Protopterus aethiopicus. 
i~ 
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O S T A R I O P H Y S I  
S I L U R O I D E A  
£ l a m .  C H A R A C I D A E .  
C 1 a r i a s  c f .  C .  l a z e r a  a n d  C 1 a r i a s  c f .  C .  m o s s a m b i c u s .  
T h e  t e n t a t i v e  s p e c i f i c  i d e n t i f i c a t i o n  i s  b a s e d  o n  t h e  s u r f a c e  s c u l p t u r i n g  
o f  t h e  bone~. 
C  l  ~ r i a  s  l  a  z  e r a .  - O n e  p r e f r o n t a l  ( f r o m  a  f i s h  a b o u t  7 5  c m  s t a n d a r d  
l e n g t h ) ;  t w o ?  p o s t - t e m p o r a l s  ( f r o m  a  f i s h  o f  a b o u t  7 5  c m  S . L . . ) :  C l a r i a s  
m o s s a m b i c u s  :  t w o  u n i d e n t i f i a b l e  n e u r o c r a n i a l  b o n e s .  
C  l  a  r i a  s s p .  i n d e t . - A  f r a g m e n t  o f  p a r a s p h e n o i d .  
F a m .  M O C H O C I D A E .  
S y n o d o n t i s  c f .  S .  f r o n t o s u 8 .  
P  e c  t o r a  1 g  i  I '  d i e .  - T h e  s p e c i f i c  i d e n t i f i c a t i o n  o f  t h e  f i s h  f r o m  
w h i c h  t h i s  b o n e  w a s  d e r i v e d  i s  b a s e d  o n  t h e  r e s t o r e d  o u t l i n e  o f  t h e  l e f t  
h u m e r a l  p r o c e s s  a n d  o n  t h e  s c u l p t u r i n g  v i s i b l e  o n  p a r t  o f  t h e  p r o c e s s .  
T w o  i n c o m p l e t e  b u t  w e l l  p r e s e r v e d  p e c t o r a l  s p i n e s  a r c  a l s o  r e f e r r e d  t o  
t h i s  g e n u s .  
P E R C O M O R P H I  
F a m .  C E N T R O P O M I D A E .  
L a t e s  s p .   
P a  I '  a s p  h e n  0  i  d .  - O n e  l a r g e  f r a g m e n t .   
E n t o p  t e  r  y  g  a i d .  - A  s m a l l  f r a g m e n t  f r o m  t h e  p o s t e r i o r  e n d  o f  t h e  
b o n e .  
P r e  0  p e r  c u I  u  m .  - T w o  s p e c i m e n s .  O n e  i s  a  f r a g m e n t  f r o m  t h e  
a n g l e  o f  t h e  b o n e .  T h e  o t h e r  i s  m o r e  c o m p l e t e ,  b u t  l a c k s  t h e  h o r i z o n t a l  
a n t e r i o r  l i m b  a n d  . t h e  p r o x i m a l  p a r t  o f  t h e  v e r t i c a l  l i m b .  
. . '  
NATIOl\'AAL ALBERT PARK 
Den tar y. - One damaged specimen. 
~.. 
Ve r t e bra. - A specimen of the second vertebra,.well preserved and 
lacking only the neural arch. 
Except for the fragment of entopterygoid, all these bones were derived 
from fishes about 75 cm standard length. The entopterygoid is from a 
larger individual, probably about 85 cm standard length. 
Ipturing Fam. CICHLIDAE. 
Tilapia sp. 
;tandard Part of the operculum (the upper anterior angle and articular facet) 
, Clarias estimated as being derived from a fish about 28 cm standard lenght. 
SITE IX 
Ish an g 0, source of the Semliki; the principal fossiliferous beds 
(N.F.PR.) of Makalian (Epi-Pleistocene) age; (p. 65).
sh from 
the left 
3S. 
[erred to DIPNOI 
Fam. LEPIDOSIRENIDAE. 
. . 
Protopterus cf. P. aethiopicus. 
Sixteen palatopterygoid- tooth-plates are referred to Protupterus aethio-
picus. There is, however, some variability which, although worthy of note, 
is still within the limits of individual variation as observed in living fishes. 
Greatest departure from modal Protopterus aethiopicus tooth morphology 
is shown by the form of the ridge or hump which lies at the confluence of 
j of the the second and third lateral tooth-ridges. In the extant material examined 
(six specimens) and in six of the fossils, this point is either a broad plateau 
or a short, broadly rounded ridge lying almost antero-posteriorly and at 
'om the an obtuse angle to the second lateral ridge. In the remaining fossils it 
rizontal appears as a prominent, somewhat elongate peak almost equalling in size 
the first lateral tooth-ridge. Since hypertrophy of this inner ridge only 
.. 
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P A R e  N A T I O N A L  A L B E R T  
o c c u r s  i n  l a r g e r  s p e c i m e n s  i t s  d e v e l o p m e n t  i s  p r o b a b l y  a  f u n c t i o n  o f  o v e r a l l  
b o d y  s i z e ,  a n d  i t s  m a n i f e s t a t i o n  p r o b a b l y  r e l a t e d  t o  d i e t .  E v i d e n c e  f o r  t h e  
l a t t e r  s u p p o s i t i o n  i s  p r o v i d e d  b y  t h e  t e e t h  o f  P .  a e t h i o p i c u s  f r o m  L a k e  
V i c t o r i a .  I n  t h i s  l a k e ,  t h e  s p e c i e s  f e e d s  m a i n l y  o n  M o l l u s c a  a n d  t h e  t o o t h  
p l a t e s  o f  l a r g e  f i s h e s  s h o w  g r e a t e r  s i g n s  o f  a t t r i t i o n  t h a n  a r e  e v i d e n t  i n  t h e  
t e e t h  o f  c o m p a r a b l e  s i z e d  o r  e v e n  l a r g e r  f o s s i l  i n d i v i d u a l s .  
T h e  t h i r d ,  o r  p o s t e r i o r ,  l a t e r a l  r i d g e  e x h i b i t s  g r e a t  v a r i a t i o n  i n  i t s  
o u t l i n e ,  w h i c h ,  a l t h o u g h  b a s i c a l l y  r h o m b o i d a l ,  m a y  v a r y  f r o m  a n  e l o n g a t e  
t o  a  s h o r t  r h o m b u s .  T h i s  v a r i a t i o n  i s  n o t  o b v i o u s l y  c o r r e l a t e d  w i t h  s i z e .  
I n  a l l  t h e  e x t a n t  ' m a t e r i a l  e x a m i n e d  t h e  t h i r p  r i d g e  i s  c l e a r l y  e l o n g a t e ,  
i l l  f a c t ,  m o r e  s o  t h a n  i n  a n y  f o s s i l .  
A s  i n  t h e  y o u n g  o f  l i v i n g  f i s h e s ,  t h e .  c u t t i n g . e d g e .  o f  t h e  t e e t h  i n  s m a l l e r  
s p e c i m e n s  i s  s e r r a t e d .  
T h e  s p l e n i a l  t o o t h  p l a t e  i s  r e p r e s e n t e d  b y  n i n e  i n c o m p l e t e  s p e c i m e n s .  
N o n e  s h o w s  a n y  m a r k e d  d e p a r t u r e  f r o m  t h a t  o f  P r o t o p t e r u s  a e t h d o p i c u s .  
I T '  a d d i t i o n  t h e r e  i s  a  s m a l l  f r a g m e n t  p r e s u m e d  t o  b e  d e r i v e d  f r o m  a  s p l e n i a l  
t o o t h .  
T h e  m a t e r i a l  r~presents f i s h e s  f r o m  c a .  5 0  t o  c a .  1 5 0  e m  t o t a l  l e n g t h .  
O S T A R I O P H Y S I  
S I L U R O I D E A  
F a m .  C L A R I I D A E .  
C 1 a r i a s  c f .  C .  l a z e r a  a n d  C 1 a r i a s  c f .  C .  m o s s a m b i c u s .  
N e a r l y  a l l  t h e  C l a r i a s  m a t e r i a l  f r o m  t h i s  s i t e  m a y  b e  r e f e r r e d  t o  s p e c i e s  
c l o s e l y  r e s e m b l i n g  C .  l a z e r a  a n d  C .  m o s s a m b i c u s .  T h e  r e m a i n i n g  s p e c i m e n s  
a r e  w i t h o u t  o b v i o u s  d i a g n o s t i c  c h a r a c t e r s .  
C o m p a r i s o n  o f  t h e  n e u r o c r a n i a  o f  C l a r i a s  l a z e r a  a n d  C .  m o s s a m b i c u s  
s h o w s  t h a t  a l t h o u g h  m o s t  e l e m e n t s  d o  n o t  d i f f e r  i n  t h e i r  o u t l i n e  o r  s p a t i a l  
r e l a t i o n s h i p s ,  s o m e  m a y  b e  d i f f e r e n t i a t e d  s p e c i f i c a l l y  o n  t h e  b a s i s  o f  t h e i r  
s u p e r f i c i a l  o r n a m e n t a t i o n .  o t h e r  s l i g h t  b u t  s p e c i f i c a l l y  c o n s t a n t  d i f f e r e n c e s  
w e r e  n o t e d  i n  t h e  f o r m  o f  t h e  s u t u r a l  s u r f a c e s  u n i t i n g  t h e  f r o n t a l s .  
T h e  n e u r o c r a n i a I  e l e m e n t s  p r e s e r v e d  a r e :  
D e l '  m e t  h  m  0  i  d .  - - T h i r t y  s p e c i m e n s  w i t h  C l a r i a s  l a z e r a - l i k e  o r n a -
m e n t a t i o n  ( t u b e r c l e s  , m o r e  n u m e r o u s ,  h i g h e r  a n d  m o r e  p o i n t e d ) ,  t e n  b e i n g  
~~most e n t i r e  a n d  t w e n t y  f r o m  t h e  a n t e r i o r  p o r t i o n  o f  t h e  b o n e .  
O n e ,  a l m o s t  c o m p l e t e  s p e c i m e n  i s  r e f e r r e d  t o  C l a r i a s  m o s s a m b i c u s .  
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Pre fro n t a I s. - Clarias l([zera (more highly ornamentated, v',-ith finer, 
more numerous and discrete tubercles), len 57, right 17 specimens. .... 
One prefrontal is tentatively referred to Clar!tls mossambicus and six 
others are considered specifically unidentifiable. 
Fro n t a I s. - One character was determined for distinguishing between 
the fronta]s of Clarias lazera and C. mossambicl1s, namely the ornamentation 
(tubercles more numerous and discrete in C. {au'ra). 
On the basis of this character the material is divided as follows: 
Clarias lazera : 44 specimens (19 left, 24 right and one paired); 
Clarias mossambicus : 2 specimens (left and right); 
Clarlas sp. indet. : 15 fragments. 
None of these specimens is entire and the areas of the frontal represented 
by them are varied. 
Sup r a 0 r bit a 1. - Only Clarias lazera is represented; the material 
comprises twenty-one fragments (15 left, 6 right), of which four are almost 
entire, thirteen are of the anterior third or less and four are from the middle 
third. 
Three further fragments are tentatively identified as supraorbitals. 
Jug a 1. -- Clarias sp.; three fairly complete bones (1 left, 2 right). 
Sup I' a 0 I' bit a 1. - Two entire (right) and two almost, entire bones 
(left and right) are assigned to Clarias lazera Olf the basis of their 
sculpturing. 
S P hen 0 tic. - Clarias sp.; seven fragments only one of which is 
almost entire. Four other specimens are identified provisiqnally as pieces 
of Clarias sphenotic. 
De r m 0 S P h e ri 0 tic. One nearly complete bone can be referred to 
Clarias lazera. The dermosphenotic in this species has its tubercles arranged 
in centrifugally radiate shiae, whereas in C. mossamlJicus the tubercles are 
distributed more irregularly. 
8 UpI' a 0 c c i pit a 1. - Twenty-two incomplete specimens; the majority 
from that part of the hone anterior to the fontanelle. The ornamentation 
is considered to he nearer that of Clarias lazera than C. mossambicus. 
One fairly complete specimen is referred to Clarias
' 
nwssambicus. 
Pte I' 0 tic. -- Eight fragments of pterotic are assigned to Clarias {azera 
because of their numerous, acute and densely arranged tubercles. 
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P o s t  - t  e m  p  0  r a  1 .  ~ T h r e e  f r a g m e n t s ,  w h i c h  c a n n o t  b e  i d e n t i f i e d  
s p e c i f i c a l l y .  T w o - o t h e r  f r a g m e n t s  a r e  t h o u g h  - t o  b e  d e r i v e d  f r o m  t h e  p o s t ­
t e m p o r a l  o f  C l a n a s .  
I n  a d d i t i o n  t o  t h e s e  i d e n t i f i a b l e  n e u r o c r a n i l l l  r o - o f i n g  b o n e s ,  t h e r e  a r e  
n i n e t y - t w o  f r a g m e n t s  t o o  s m a l l  f o r  a c c u r a t e  i d e n t i f i c a t i o n .  J u d g i n g  f r o m  
t h e  o r n a m e n t a t i o n  o f  t h e s e  b o n e s ,  b o t h  C l a r i a s  l a z e r a  a n d  C .  m o s s a m b i c u s  
a r e  r e p r e s e n t e d ,  t h e  f o r m e r  s p e c i e s  p r e d o m i n a t i n g .  
T w o  o f  t h e  f r a g m e n t s  r e p r e s e n t  a  f i s h ,  o r ,  f i s h e s  c o n s i d e r a b l y  l a r g e r  
t h a n  t h o s e  f r o m  w h i c h  t h e  o t h e r  f r a g m e n t s  o r  m o r e  c o m p l e t e  b o n e s  w e r e  
d e r i v e d .  B o t h  i n  t h e i r  t h i c k n e s s  a n d  i n  p o s s e s s i n g  c o a r s e ,  b l u n t  t u b e r c l e s ,  
t h e  e x c e p t i o n a l  f r a g m e n t s  c l o s e l y  r e s e m b l e  C l a r i i d  n e u r o c r a n i a l  f r a g m e n t s  
f o u n d  i n  l o w e r  g r a v e l  G .  I N F .  a t  s i t e  V I I I  a  ( v  i d e  p .  2 7 )  a n d  m a y  b e  
d e r i v e d  f r o m  o l d e r  d e p o s i t s .  
p ' a  r  a s p  h e n  0  i  d .  - .  T h e  t w e n t y - o n e  f r a g m e n t s  o f  p a r a s p h e n o i d  c a n  
b e  d i v i d e d  i n t o  t w o  g r o u p s  o f  t e n  a n d  e l e v e n  s p e c i m e n s  e a c h ,  r e p r e s e n t i n g  
t h e  a n t e r i o r  a n d  p o s t e r i o r  h a l v e s  o f  t h e  b o n e  r e s p e c t i v e l y .  N o  s p e c i f i c  
c h a r a c t e r s  c a n  b e  d e t e r m i n e d .  
B a s i a c e i p i t a  1 .  ~ E i g h t ,  a l m o s t  e n t i r e  b o n e s .  
V a  m e r  i n  e  t o o  t  h  - b a n  d  .  - A  s i n g l e  f r a g m e n t  f r o m  t h e  m e d i a n  
p a r t  o f  t h e  b a n d ,  t o g e t h e r  w i t h  a  s p l i n t e r  o f  t h e  v o m e r  i t s e l f .  
T h e  f o l l o w i n g  e l e m e n t s  o f  t h e  b r a n c h i o c r a n i u m  w e r e  i d e n t i f i e d :  
P a l a t i n  e .  ~ S e v e n  s p e c i m e n s  ( f o u r  e n t i r e  a n d  t h r e e  l e s s  t h a n  h a l f  
c o m p l e t e ) .  
H  y o m  a n d  i  b  u  1 a .  - T w o  f r a g m e n t s ;  d e r i v e d  f r o m  t h e  p o s t e r o - v e n t r a l  
a s p e c t  o f  t h e  b o n e .  
O p e  r  c u i  u  m .  - E i g h t  s p e c i m e n s ,  a l l  m o r e  o r  l e s s  e n t i r e .  
V e n  t r a l e 1 e  m e n t s  o f t h e  h y a i d  a r c h .  ~ I t  s h o u l d  b e  n o t e d  
t h a t  a n y  a p p a r e n t  d i f f e l ' e n c e s  w h i c h  m a y  e x i s t  b e t w e e n  t h e s e  e l e m e n t s  i n  
C l a r i a s  m o s s a m b i c u s  a n d  C .  l a z e r a  a r e  o u t w e i g h e d  b y  i n t r a - s p e c i f i c  g r o w t h  
c h a n g e s .  
L e f t .  
( i )  E p i h y a l  o n l y :  t w e n t y  s p e c i m e n s ;  t h e  m a j o r i t y  a r e  b r o k e n  a t  t h e  e p i ­
c e r a t o h y a l  s u t u r e .  
( i i )  C e r a t o h y a l  o n l y :  t w e l v e  s p e c i m e n s ,  f r a c t u r e d  a s  a b o v e .  
( i i i )  E p i h y a l  a n d  c e r a t o h y a l  :  s e v e n  e n t i r e  s p e c i m e n s .  
( i v )  C e r a t o h y a l  a n d  h y p o h y a J  :  o n e  s p e c i m e n .  
( i )  E p i h y a  
( i i )  C e r a t o  
( i i i )  E p i h y  
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Right. 
(i) Epihyal only: nineteen specimens, mostly fractur.ed as above. 
(ii) Ceratohyal only: seven specimens, mostly fractured as above. .... 
(iii) Epihyal and ceratohyal : one entire specimen.' 
U r 0 h Ya 1. - Sixty-three specimens; with two exceptions all these bones 
are well preserved. 
Qua d I' ate. -- Thirty-four specimens (i5 left, i9 right), none entire. 
Fracture lines are variable and no common breakage pattern can be detected. 
Art i cuI a r. - Sixty-five specimens (28 left, 37 right). The majority 
is virtually entire, lacking only the most anterior projection. In only one 
case is there a fragment of the dentary still closely applied by its lateral 
sutural union. Although there appear to be at least two species represented, 
it is obvious from a study of extant material that changes in form associated 
with growth are as great as the differences observed in the fossils. 
Den t a I' y. - Fairly reliable characters for differentiating the dentary 
of Clarias mossambicus from that of C. lazera were determined from a 
study of the skeletons of these species. But, the criteria cannot be applied 
to the fossil material with any certainty. 
There a-re ninety-five specimens in all, comprising forty-two left and 
fifty-three righ'e rami. Two points of fracture are most frequent : (i) at or 
slightly behind the point where the dentigerous surface narrows lat;erally; 
(ii) immediately behind the most posterior extension of the dentigerous 
surface. 
Pectoral girdle. - Cleithrum. 
(i) Median ventral portion: represented by forty-four fragments of 
various sizes (HI left, i7 right and 8 indeterminable). The marked striae 
and rugosities preserved' in the fossils are nearer the ornamentation of 
Clarias lazera than of C. mossambicus. 
(ii) Lateral portion (especially the enlarged area accommodating the 
articular fossae for the pectoral spine) : twenty-two specimens (i3 left, 
9 right). No trenchant diagnostic characters are pre~erved. 
(iii) Scapula and coracoid : four large fragments of both elements ill 
which the trochlea and glenoid facets are preserved, and three specimens 
comprising only the coracoid with part of the glenoid facet. 
P e c t a I' a 1 s pin e. - Twenty specimens (10 left, 10 right), eight of 
which are practically undamaged; the remainder comprise the proximal 
half to third of the spine. In all, the articular head is present and only 
slightly damaged. 
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V e  r t  e  b r a  1  G O ]  u m  n .  
A n  l  e r i o r  f u s e d  v e r t e b  I '  a I m  i 1  s  S .  - ' r e n  f r a g m e n t a r y  s p e c i m e n s .  
I n  g e n e r a l  i t  i s  i m p o s s i b l e  t o  d i f f e r e n t i a t e  C l a r i a s  l a z e r a  f r o m  C .  m o s s a m ­
b i c u s  o n  v e r t e l J r a l  m o r p h o l o g y .  
1 s t  V e r t e l J r a  :  s e v e n .  
2 n d  V e r t e b r a  :  ' S i x .  
3 r d  V e r t e b r a  :  t w e l v e .  
4 t h  V e r t e b r a :  s e v e n .  
5 t h - 9 t h  V e r t e b r a  :  e i g h t e e n .  
I t  i s  r e m a r . k a b l e  t h a t  a m o n g s t  t h e  g r e a t  n u m b e r  o f  f i s h  v e r t e b r a e  
r e c o v e r e d  f r o m  t h i s  s i t e ,  n o n e  c a n  b e  u n e q u i v o c a l l y  r e c o g n i z e d  a s  c a u d a l  
v e r t e b r a e  o f  C l a r i a s .  
R i b  s .  - - T h i r t e e n  s m a l l ,  h a m a t e  b o n e s  a r e  i d e n t i f i e d  a s  p l e u r a ]  r i b s  
o f  C l a r i a s .  
S i z e  r a n g e  a n d  n u m b e r  o f  i n d i v i d u a l s .  
T h e  e s t i m a t e d  s i z e  r a n g e  o f  C l a r i a s  l a z e r a  f r o m  t h i s  d e p o s i t  i s  4 5 - 1 0 0  c m ,  
w i t h  ' a  m o d a l  r a n g e  o f  7 5 - 8 0  c m ;  f e w  f i s h e s  l e s s  t h a n  6 0  c m  a r e  r e p r e s e n t e d .  
1 ' h e  m i n i m u m  n u m b e r  o f  i n d i v i d u a l s  p r e s e n t  i s  e s t i m a t e d  a t  6 3  ( t h e  n u m b e r  
o f  u r o h y a l  b o n e s  p r e s e r v e d ) .  
?  H e t e r o b r a n c h u s  s p .  
W i t h  t h e  e x c e p t i o n  o f  t h e  v o m e r i n e  t o o t h  b a n d  a n d  t h e  d e n t a r y ,  t h e  
t e n t a t i v e  g e n e r i c  i d e n t i f i c a t i o n  o f  t h e  s p e e i m e n s  d e s c r i b e d  b e l u w  i s  b a s e d  
s o l e l y  o n  c h a r a c t e r s  o f  o r n a m e n t a t i o n .  
I n  H e t e r o b r a n c h u s  t h e  t u l J e r c u l a t e  o r n a m e n t a t i o n  c h a r a c t e r i s t i c  o f  m a n y  
C l a r i a s  s p e c i e s  i s ,  t o  a  l a r g e  e x t e n t ,  r e p l a c e d  b y  r a d i a t i n g  s t r i a e .  T h i s  i s  
p a r t i c u l a r l y  m a r k e d  o n  t h e  f r o n t a l s ,  p r e f r o n l a l s  a n d  d e r i n e t h m o i d .  W h e n  
p r e s e n t ,  t U b e r c l e s  a r e  o f  i t  t y p e  i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  C l a r i a s  l a z e r a  
a n d  C .  m o s s a m b i c u s .  
F r o  n  ~ a  1 .  - 8  f r a g m e n t s  ( 5  l e f t ,  3  r i g h t ) .  
: V I  e  s e t  h  m  a i d .  - O n e  f r a g m e n t .  
L a t e r a 1  e t h  1 I l  0  i  d .  - T w o  f r a g m e n t s .  
S  p  h e n  0  t i c .  - - - O n e .  f r a g m e n t .  
P o  s t - t  e  1 I l  p o r  a  1 .  - O n e  f r a g m e n t .
. .~ 
S u p  r  a  0  c c i  P i  ~ a  1 .  - A  s i n g l e  f r a g m e n t  h o m  t h e  a n t e r i o r  e n d .  
O n e  u n i d e n t i f i a b l e  f r a g m e n t  o f  r o o f i n g  b o n e .  
A l l  t h e s e  b o n e e ;  w e r e  d e r i v e d  f r o m  f i s h e s  o f  a b o u t  6 0  c m  t o t a l  l e n g t h .  
D e n t a I 1  
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Den tar y . - A fragment from the posterior part of the bone. 
Va mer i net a 0 t h - ban d . - A small segment from the median part 
of the band, together with a splinter of vomer, is referred to Heterobranchus 
on the basis of its shape and the small dental alveoli, which indicate that 
the teeth were slender. It was derived from a fish longer than 60 em 
total length. 
.., 
Fam. MOCHOCIDAE. 
Synodontis spp. 
The genus Synodontis does not occur in the present fish-fauna of 
Lake IEdward and it is therefore of considerable importance to determine 
what species were present when the Epi-Pleistocene beds were laid down. 
To this end, the fossils were cumpared wiLh SlInodontis !rontosus, 
S. schall, S. nigrita, S. victoriae and S. a!ro-!ischeri. These species were 
selected on the grounds of their present distribution as Lhose most likely 
to have occured within the Lake Edward basin, assuming of eourse, that the 
species were already evolved at that time. 
Sculpturing and ornamentation of neurocranial bones provide the most 
readily determined specific characters for fossil material which is often 
fragmenlary. Additional criteria are provided by the shape and orna­
mentation of Lhe humeral process, and, the morphology of the dorsal fill­
spine. 
These admittedly few and not altogether satisfactory characters suggest 
that most of the fossils may be referred to Synodontis frontosus, a species 
at present found in Lake Albert, the Nile, Lake Rudolf and Lake No. A few 
bone~ are apparently attributable to S. schall, whose present distrihution is 
Lake Albert, the Nile and the Nlger. 
Although, in the characters examined, correspondence between fossils 
and extant fishes may not be exact, there is no reason to suppose that on 
morphological grounds the Ishango fishes represent an undescribed and 
presumably extinct species. 'fhe differences observed are maLched by the 
observed intra-specific variability of living Synodontis !l'ontosus. 
The following bones were identified: 
De r met h m 0 i d. Twenty-five specimens, of which twenty-one are 
almost entire. 
Pre fro n t a I. '];en specimens (4 left, 6 right); all are entire or 
almost so. 
Fro n tal. - One hundred and forty-five specimens (59 left, 86 right), 
all referred to Synodontis !rontosus; the majority is entire, or, virtually so. 
Most specimens exhibit a cancellous pattern underlying the superficial 
4 0  
P A R e  N A T I O N A L  A L B E R T  
t u b e r c u l a t e  o r n a m e n t a t i o n .  T h i s  d e e p  p a t t e r n  i s  c o n s i d e r e d  t o  b e  a n  a r t i f a c t  
r e s u l i i n g  f r o m  p a r t i a l  d e c a y  a n d  w e a t h e r i n g  o f  t h e  b o n e  b e f o r e  f o s s i l i z a t i o n ;  
i t  i s  p r e s e n t  i n  m o s l  o t h e r  S y n o d o n t i s  n e u r o c r a n i  a l  b o n e s  f r o m  t h i s  s i t e .  
S i m i l a r  c a n c e l l o u s  p a H e r n s  w o r e  o b s e r v e d  i n  t h e  b o n e s  o f  e x t a n t  S y T t o d o n t i s  
p i c k e d  u p  a s  s k e l e t o n s  o n  t h e  s h o r e  o f  L a k e  R u d o l f ,  b u t  a r e  a b s e n t  i n  
s k e l e t o n s  p r e p a r e d  f r o m  f r e s h  o r  p r e s e r v e d  m a t e r i a l .  
S  p h  e  n o t  i  c .  - N i n e l e e n  s p e c i m e n s ,  m o s t l y  e n t i r e .  
S u p  r 1 1  0  c  c  i  p i t  q  1 .  - - S i x t y - t w o  s p e c i m e n s . •  
P a s  t  - t e r n  p  0  r  a  1 .  - T h i r t e e n  s p e c i m e n s  ( 8  l § l f t ,  5 _  r i g h t ) .  
O c c i p i t o - n u c h a l  p l a t e :  
( i )  A n t e r i o r  u n p a i r e d  p l a t e  :  o n e  a l m o s t  e n t i r e  b o n e  a n d  s i x t e e n  f r a g ­
m e n t s  ( 1 1  l e f t :  5 '  r i g h t )  o f  v a r i o u s  s i z e s ;  a l l  h a v e  o r n a m e n t a t i o n  o f  t h e  
S y n o d o n t i s  t r o n t o s ' l l s - t y p e  
T w o  s m a l l  f r a g m e n t s  a r e  t e n t a t i v e l y  i d e n t i f i e d  a s  a n t e r i o r  n u c h a l  p l a t e s .  
( i i )  P o s t e r o - l a t e r a l  p a i r e d  p l a t e s  :  t h r e e  s p e c i m e n s  ( 2  l e f t ,  1  r i g h t )  a r e  
a l s o  r e f e r r e d  t o  S y n o d o n t i s  / r o n t o s u s .  
F o r t y - e i g h t  s k u l l  b o n e s  ( n e u r o c r a n i a l  a n d  p r o b a b l y  s o m e  n u c h a l - p l a t e  
e l e m e n t s )  c a n n o l  b e  i d e n t i f i e d .  A l l  h a v e  o r n a m e n t a t i o n  a p p r o x i m a t i n g  t o  
t h a t  o f  S y n o d o n t i s  / r o n t o s u s .  
B a s  i  0  c ; : ,  i  p i t  a  1 .  - F o u r  e n t i r e  s p e c i m e n s ,  t h r e e  o f  w h i c h  c o m p a r e  
d o s e l y  w i t h  t h e  b a s i o c c i p i t a l  i n  S y n o d o n t i s  / r o n t o s u s ;  a n d  [ h e  f o u r t h  
( d e r i v e d  f r o m  a  l a r g e  f i s h )  i s  m o r e  l i k e  t h a t  o f  S .  s c h a l l .  
P e c  t o r a I  g i r  d I e .  
C 1 e  i t h r u m  a n d  h u m e  I '  a  I  p r o  c  e  s  s .  - O n  h u n d r e d  a n d  f i f t e e n  
s p e c i m e n s  ( 5 8  l e f t ,  5 7  r i g h t ) ;  w i t h  f e w  e x c e p t i o n s ,  t h e  l a t e r a l ,  d o m e - l i k e  
e x p a n s i o n  o f  t h e  c 1 e i t h r u m  a n d  t h e  g r e a t e r  p a r t  o f  t h e  a s c e n d i n g  l i m b  a r e  
p r e s e r v e d .  A  l a r g e  a r e a  o f  t h e  h u m e r a l  p r o c e s s  i s  p r e s e n t  i n  m a n y  
s p e c i m e n s .  
T h e  o r n a m e n t a t i o n  o f  t h e s e  b o n e s  i s  s i m i l a r  t o  t h a t  o f  S y n o d o n t i s  / r o n ­
t o s u s  F u r t h e l ' ,  i n  m a n y  s p e c i m e n s  t h e  h u m e r a l  p r o c e s s  i s  a l m o s t  c o m p l e t e ,  
o r  i t  i s  s u f f i c i e n t l y  c o m p l e t e  t o  a l l o w  t h e  r e c o n s t r u c t i o n  o f  i t s  p o s t e r i o r  
o u t l i n e .  I n  t h i s  c h a r a c t e r  t o o ,  t h e  f o s s i l s  r e s e m b l e  S .  / r o n t o s u s ,  i n  w h i c h  
l h e  l e n g t h ! d e p t h  r a t i o  o f  t h e  h u m e r a l  p r o c e s s  i s  a p p r o x i m a t e l y  u n i t y .  
' O n e  h u n d r e d  a n d  f i f t y  ( 6 2  l e f t ,  8 8  r i g h t )  f r a g m e n t s ,  m o s t l y  o f  t h e  l a t e r a l  
d o m e  o r  t h e  a s c e n d i n g  c l e i l h r a l  l i m b ,  c a n n o t  b e  s p e c i f i c a l l y  i d e n t i f i e d .  
O n l y  t w o  s p e c i m e n s  ( o n e A e f t  a n d  o n e  r i g h t  b u t  f r o m  d i f f e r e n t  i n d i ­
v i d u a l s )  a r e  t e n t a t i v e l y  r e f e r r e d  t o  S y n o d o n t i s  s c h a l l .  I n  t h e s e  t w o  b o n e s  
t h e  1 0 w O l ' · m a r g i n  o f  t h e  h u m e r a l  p r o c e s s  h a s  a  p r e d o m i n a n t l y  s t r i a t e  p a t t e r n  
a n d  a n  a p p r o x i m a t e  r e c o n s t r u c t i o n  o f  t h e i r  o u t l i n e  i n d i c a t e s  t h a t  t h e  
h u m e r a l  p r o c e s s  W i t S  l o n g e r  t h a n  d e e p .  
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Cor a c 0 i d. - Four fragments (1 left, 3 right) and in addition, a large 
fragment from the horizontal, median expansion of the bone. 
P e c tor a 1 s pin e. -- No trenchant specific characters were observy,9 
in the pectoral spines of the extant species examined; the fossils are therefore 
considered as specifically indeterminable. 
Rig h t s pin e. - Sixty-seven specimens, of which thirty-three are 
entire, or, two-thirds entire, nine have at least the proximal third intact 
and twenty-four have less than the proximal third preserved. One specimen 
has only the distal two-thirds preserved. The articular head is preserved 
in all but flVe spines. 
L eft. s pin e. - Eighty-one specimens, comprising thirty-three complete, 
or, two-thirds complete, twenty-eight with at least the proximal third 
present and twenty with ~ess than the proximal third intact. With one 
exception the articular head is present in each specimen. 
Do r s u 1 fin - s pin e s. 
(i) Pungent spine: Some slight but certainly diagnostic characters serve 
to distinguish spines of Synodontis frontosus, S. victoriae and S. schall. 
The small adult size of S. afro-fischeri precludes its comparison with the 
other species. 
The spines of Synodontis victoriae and S. frontosus differ from those of 
S. schall in having a rounded as opposed to a laterally compressed crOS5­
section. The spine of S. frontosus may be distinguished from that of 
S. victoriae by its having a low and not a high keel on the anterior face, 
by its stronger curvature and thirdly, by the longer and more numerous 
distal serrations on the posterior face. 
There are enough complete spines amongst 'the hinety-six specimens 
to assign the fossils to Synodontis frontosus with reasonable certainty. 
(ii) Second dorsal ray: This small, chevron-shaped bone which lies 
anterior to the pungent spine, is represented by nine almost undamaged 
specimens. 
Vertebrae, 
Only six anterior prec.audal vertebrae were identified. This paucity of 
vertebrae is remarkable, especially when compared with the large number 
of cranial bones preserved. A similarly disproportionate ratio of cranial 
to axial skeletal parts was noted in the Clarias specimens from the same 
deposit. 
It is estimated that the size range of Synodontis from this deposit is 
between 20 and 40 cm standard length; the modal size is about 35 cm. 
The minimum number of individuals in the collection (based on the 
number of frontals preserved) is eighty-six, although the number of dorsal 
spines indicates a somewhat higher figure. 
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C Y P R I N I O D E A  
F a m .  C Y P R I N I D A E .  
B a r b u &  c f .  B .  b y n n i  a n d  B a r b u s  c f .  B .  a l t i a n a l i s .  
T h e  m a j o r i t y  o f  f i s h - f o s s i l s  f r o m  S i t e  I X  i s  r e f e r a b l e  t o  t h i s  g e n u s ,  w h i c h  
a l s o  p r o v i d e s  t h e  h i g h e s t  e s t i m a t e d  n u m b e r  o f  i n d i v i d u a l s .  
T h e  f o s s i l s  c o n s i s t  m a i n l y  o f  b r a n c h i o c r a n i a l  e l e m e n t s ,  p a r t i c u l a r l y  
l o w e r  p h a r u y n g e a l  b o n e s  a n d  d i s s o c i a t e d  p h a r y n g e a l  t e e t h ;  t h e  n e u r o c r a ­
n i u m  i s  v e r y  p o o r l y  r e p r e s e n t e d .  
T w o  f a i r l y  c l e a r - c u t  d i f f e r e n c e s  w e r e  f o u n d  i n  t h e  m o r p h o l o g y  o f  t h e  
p h a r y n g e a l  b o n e s  a n d  t e e t h  o f  B a r b u s  b y n n i  ( F O R S K . )  a n d  B .  a l t i a n a l i s  
( B O U L E N G E R ) ,  t h e  s p e c i e s  t h o u g h t  m o s t  l i k e l y  t o  o c c u r  i n  t h e s e  d e p o s i t s .  
O n  t h e  b a s i s  o f  t h e s e  c h a r a c t e r s ,  I  c o n s i d e r  t h a t  f i s h e s  r e s e m b l i n g  B .  b y n n i  
a n d  B .  a l t i a n a l i s  w e r e  p r e s e n t  i n  L a k e  E d w a r d  d u r i n g  t h e  E p i - P l e i s t o c e n e .  
S i n c e  m o s t  o f  t h e  p h a r y n g e a l  b o n e s  a n d  t e e t h  r e s e m b l e  t h o s e  o f  B .  b y n n i  
i t  s e e m s  l i k e l y  t h a t  t h i s  w a s  t h e  p r e r l o m i n a n t  s p e c i e s ,  o r  a t  l e a s t ,  m o r p h o ­
l o g i c a l  t y p e  ( s e e  b e l o w ) .  
N  e  u  r o c  r a n  i  u  m .  - R e p r e s e n t e d  o n l y  b y  t h e  b a s i o c c i p i t a l ,  o f  w h i c h  
t h e r e  a r e  t h i r t y - f o u r  r a t h e r  f r a g m e n t a r y  s p e c i m e n s .  
B r a n c h i o c r a n i u m .  
H y  0  i l l  a n d  i  b  u  1 a  .  - N i n e t y  s p e c i m e n s  ( 3 1  l e f t ,  5 9  r i g h t )  m o s t  o f  w h i c h  
a r e  a l m o s t  e n t i r e  a n d  l a c k  o n l y  t h e  s l e n d e r ,  d i s t a l  l i m b .  
O p e  r  c u I  u  m .  - T h i r t y - t h r e e  s p e c i m e n s  ( 1 4  l e f t ,  1 9  r i g h t ) ,  n o n e  e n t i r e .  
P r e  0 p e r c u I u m  .-~ T h i r t y - t h r e e  f r a g m e n t a r y  s p e c i m e n s  ( 1 7  l e f t ,  
1 5  r i g h t  a n d  1  i n d e t e r m i n a b l e ) .  
?  I n  t  e r a  p e r  c u I  u  m  .  - A  s i n g l e  b o n e  i s  t e n t a t i v e l y  i d e n t i f i e d  a s  a n  
i n t e r o p e r c u l u m .  
U r o h y a l .  - T w o  s p e c i m e n s .  
C e r a t 0 h y a 1 .  - T h r e e  ( 2  l e f t ,  1  r i g h t ) .  
. . e :  p i h  y  a  1 .  - O n e .  
?  M e t a p t e r y g o i d .  
O n e  a l m o s t  e n t i r e  b o n e  h a s  t h e  g e n e r a l  
a p p e a r a n c e  o f  t h i s  e l e m e n t .  
Q u a d r a  
s l i g h t l y  i n  B I  
O n  t h i s  c l  
n a Z i s  a n d  f i f i  
i s  e n t i r e .  
A r t i c u l  
T h e  p o i n t  o j  
t o  t h e  f a c e t .  
P a l a t i l  
J a w s .  
D e n t a r  
T h e r e  i s  , s o  
p a r t i c u l a r l y  
h o w e v e r ,  
p r e s e n t - d a y  
f o s s i l s .  
M  a x i l  
f o r m s  o f  b  
i n  t h e  n a t  
.  a t t a c h e d .  
w h e r e a s  i  
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Qua d l' ate. - The anterior outline of the· articular surface differs 
slightly in Barbus bynni and B. altianalis, being almost Rquare in the latter. 
On this character, three bones (all left) may be assigned to Barbus altia­
nalis and fifty-one (22 left, 29 right) to B. bynni. None of these specimens 
is entire. 
Art i cuI a r. - Thirty-one fragmentary specimens (15 left, 16 right). 
The point of fracture is remarkably constant, and occurs slightly anterior 
to the facet. 
Pal at i n e . - Ten almost entire bones (7 left, 3 right). 
Jaws. 
Den tar y . - One hundred and ninety-one specimens (ii2 left, 79 right). 
There is some variation in the gross morphology of the fossil dentaries, 
particularly in the stoutness of the horizontal limb. This variability is, 
however, within intraspecific limi ts as determined from the skeletons of 
present-day fishes. It is impossible to determine the specific identity of the 
fossils. 
M a xiII a . - Seventy-three specimens (25 left, 48 right) showing various 
forms of breakage. The maxillae of Barbus bynni and B. altianalis differ 
in the nature of the process to which the palata-maxillary ligament is 
attached. In B. altianalis there is a low boss at the point of insertion, 
whereas in B. bynni the ligament is attached to a shelf-like projection. 
Fossils in which this character can be checked are clearly of the « bynni )) 
type. 
Pre m a xiII a . - Two fairly complete specimens (left.and right) from 
fishes of markedly different sizes. 
Pharyngeal b'one's and·teeth. 
It is difficult to' sele~t trenchant criteria which may be used to separate 
the pharyngeal bones and teeth of Barhus bynni from those of B. altianalis. 
Two characters have been chosen, however, which although showing slight 
interspecific overlap, prove reliable when large series are available. 
One of the characters is the form of the major pharyngeal tooth. The 
crown of this tooth is globose in Barbus bynni, but in B. altianalis it is more 
compressed and mammiform. If the teeth of small specimens are compared, 
a clearly defined difference is seen in the nature of the cusp. In B. altianalis 
the cusp rises smoothly from the crown, whereas in B. bynni it has the 
appearancee of a slight median protuberance from the otherwise convex 
occlusal surface. It is in the pattern of cusp attrition that the two species 
show greatest divergence. The low cusp of B. bynni is usually worn and 
only slightly evident even in small individuals; large fishes have the occlusal 
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s u r f a c e  w o r n  i n t o  a  d e f i n i t e  a n d  e x t e n s i v e  p i t ,  s o  t h a t  t h e  o r i g i n a l l y  g l o b o s e  
c r o w n  b e c o m e s  d i s t i n c t l y  m o l a r i f o r m .  
A t t r i t i o n  o f  t h i s  t y p e  i s  r a r e l y  e n c o u n t e r e d  i n  B a r b u s  a l t i a n a l i s .  I n  t h i s  
s p e c i e s ,  w e a r  i s  s l i g h t  a n d  r e s t r i c t e d  t o  t h e  c u s p  w h i c h  r e t a i n s  i t s  m a m m i ­
f o r m  a p p e a r a n c e  e v e n  i n  l a r g e  i n d i v i d u a l s  ( 8 0  c m  s t a n d a r d  l e n g t h ) .  
S u c h  d i f f e r e n c e s  i n  a t t r i t i o n a l  p a t t e r n ,  a l t h o u g h  m o d i f i e d  b y  t h e  f o r m  
o f  t h e  u n w o r n  t o o t h ,  a r e  p r o b a b l y  r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  f o o d  o f  t h e  
t w o  s p e c i e s  a n d  t o  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  o f  t h e  p h a r y n g e a l  b o n e s  w i t h  
t h e  h o r n y  p a d  a g a i n s t  w h i c h  t h e y  o c c l u d e .  
T h e  s e c o n d  «  s p e c i f i c ) )  c h a r a c t e r  i s  l e s s  r e a d i l y  d e t e r m i n e d .  I t  i s  t h e  
r a t i o  o f  t h e  d i s t a n c e  b e t w e e n  t h e  m a j o r  p h a r y n g e a l  t o o t h  a n d  t h e  a p e x  o f  
t h e  a n g l e  i n  t h e  l o w e r  l i m b  o f  t h e  b o n e ' ,  t o  t h e ' l e n g t h  o f  t h e  l o w e r  l i m b  
b e l o w  t h e  a p e x .  I n  B a r b u s  b y n n i  t h e  v e n t r a l  l i m b  i s  l o n g e r  ( a s  m u c h  a s  
1  ~ t i m e s )  t h u n  t h e  d i s t a n c e  f r o m  a p e x  t o  m a j o r  t o o t h ,  b u t  i n  B .  a l t i a n a l i s  
i t  i s  e q u a l  t o ,  o r ,  v e r y  s l i g h t l y  s h o r t e r  t h a n ,  t h i s  d i s t a n c e .  
T h e s e  t w o  c h a r a c t e r s  ( u s e d  i n  c o m b i n a t i o n  w h e r e v e r  p o s s i b l e )  s h o w  
t h a t  m o s t  p h a r y n g e a l  b o n e s  R I , l d  i s o l a t e d  t e e t h  c a n  b e  a s s i g n e d  t o  B a r b u s  
b y n n i .  I n  f a e t ,  o n l J  s e v e n  b o n e s  ( R  l e f t ,  4  r i g h t )  a r e  d e f i n i t e l y  r e f e r r e d  t o  
B a r b u s  a l t i a n a l i s .  
S i n c e  t h e y  a r e  u n i t  c h a r a c t e r s ,  t h e  p h a r y n g e a l  b o n e s  p r o v i d e  a  s u i t a b l e  
m e a n s  f o r  e s t i m a t i n g  t h e  m i n i m u m  n u m b e r  o f  f i s h e s  r e p r e s e n t e d  i n  t h e  
c o l l e c t i o n .  I n  o r d e r  t o  f a c i l i t a t e  t h i s  c a l c u l a t i o n  t h e  m a t e r i a l  i s  d i v i d e d  
f i r s t ,  i n t o  l e f t  a n d  r i g h t  b o n e s  a n d  s e c o n d l y ,  i n t o  s i x  f r a c t u r e  g r o u p s .  
N o  g r o u p  i s  a b s o l u t e  a n d  t h e r e  i s  s l i g h t  o v e r l a p  b e t w e e n  t h e  v a r i o u s  
c a t e g o r i e s .  
L e f t  b o n e  
( i )  V e n t r a l  l i m b  a n d  t h e  m a j o r  t o o t h  o r  i t s  «  a l v e o l u s " ,  w i t h  o c c a s i o n a l l y  
t h e  s u c c e e d i n g  o n e  o r  t w o  r o w s  o f  t e e t h .  T o o t h  p r e s e n t :  9 3 .  T o o t h  
a b s e n t :  3 7  ( a l l  B a r b u s  c f .  B .  b y n n i ) .  
( i i )  T h e  m a j o r  t o o t h  ( o r  i t s  «  a l v e o l u s » )  t o g e t h e r  w i t h  t h e  b o n e  i m m e ­
d i a t e l y  s u r r o u n d i n g  i t :  T o o t h  p r e s e n t ;  3 7  ( B a r b u s  c f .  B .  b y n n i ) .  T o o t h  
a b s e n t :  4  ( s p .  i n d e t ) .  
( i i i )  T h e  e n t i r e  o r  g r e a t e r  p a r t  o f  t h e  d e n t i g e r o u s  a r e a ;  i n  s o m e  s p e c i m e n s  
e i t h e r  t h e  v e n t r a l  o r  d o r s a l  l i m b  i s  p r e s e n t .  M a j o r  t o o t h  p r e s e n t :  1 5 .  
M a j o r  t o o t h  a b s e n t :  6  ( B o t h  g r o u p s  B a r b u s  c f .  B .  b y n n i ) .  S p e c i e s  i n d e ­
t e r m i n a b l e :  1 6 .  
( i v )  T h e  d o r s a l  l i m b  a n d  p a r t  o f  t h e  d e n t i g e r o u s  s u r f a c e :  1 9  s p e c i m e n s ,  
a l l  s p e c i f i c a l l y  i n d e L e r m i n a b l e .  
( v )  D o r s a l  l i m b  o n l y : . 2 3  s p e c i m e n s ,  a l l  s p e c i f i c a l l y  i n d e t e r m i n a b l e .  
( . v i )  T h e  e n t i r e  b o n e :  M a j o r  t o o t h  p r e s e n t :  H .  M a j o r  t o o t h  a b s e n t : 1  
( a l l  B a r b u s  c f . B .  b y n n i ) .  S p e c i e s  i n d e t e r m i n a b l e :  5  ( t o o t h  a b s e n t ,  l o w e r  
l i m b  d a m a g e d ) .  
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- globose	 Rig h t bon e. - The same breakage groups, as defined above, are used. 
(i) Major tooth present: 62. Major tooth absent: 44 (all Barbus cf. 
In this B. bynni). Species indeterminable: 2.	 ..,
mammi­
(ii) Tooth present: 37 (Barbus cf. B. bynni). Tooth absent: 13 (sp. indet.). 
the form (iii) Tooth present: 4 (Barbu!> d. B. bynni). Tooth absent: 8 (sp. indet.). 
lod of the (iv) Tooth present: 2 (Bo:rbus cf. B. bynni). Tooth absent: 20 (sp. indet.). 
ones with 
(v) 32 specimens, all specifically indeterminable. 
It is the (vi) Tooth present: 6 (Barbus cf. B. bynni). Tooth absent: 4 (Barbus cf. 
e apex of B. bynni). Specifically undeterminable: 4. 
,weI' limb 
much as Barbus altianalis. 
altianalis 
L eft bon e. - 4 [three of breakage group (~) and one of group (iii)]. 
)le) show Right bone. - 5 [all of group (ii)], each with the major tooth 
to Barbus preserved. 
eferred to In addition, Lwo isolated major pharyngeal teeth are assigned to B. altia­
naZis. 
a suitable 
ed in the Besides the material described above, there are fourteen small fragmenL6 
is divided of pharyngeal bones which cannot he identified further. 
e groups. 
Isolated pharyngeal teeth:e various 
(i) Major pharyngeal tooth: Barbus d. B. bynni. One hundred and 
sixty-four teeth are referred to this species. The teeth represent a wide size­
range of fishes, with the majority derived from large individuals and very 
:asionally	 few from small fishes. Attrition pattern is variable and apparently without 
3.	 Tooth correlation between tooth size and the degree of wear; most teeth show 
considerable wear and are of the molariform type. In a few specimens 
almost the entire crown is reduced to a low, flattened surface.1e imme­
One additional tooth, without pronounced wear, is' m'orphologically). Tooth 
intermediate between thQ major .teeth of Barbus bynm and B. altianalis. 
It is considered as specifically indeterminable.
pecimens 
Forty-eight fragments, are identified as being derived from the major
sent: 15. 
pharyngeal teeth of Barbus cf. B. bynni.ies inde­
(ii) Other pharyngeal teeth of Barbus sp. or spp. : Sixty-eight teeth; their 
size-range is similar to that of the major teeth.lecimens, 
As mentioned above, the pharyngeal bones may be used for calculating 
the minimum number of individuals present in the sample. In this instanojlIe. 
the major pharyngeal tooth in association with its bone, or, the alveolus 
absent :.1 of this tooth, has been used. As many specimens cannot be specifically 
t, lower identified, three estimates of minimal number of individuals must he given. 
viz. for Barbus cf. B. bynni; for B. aftianalis; and for Barbus spp. 
I  
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T h e  e s t i m a t e s  a r e :  B a r b u s  c f .  B .  b y n n ' i  2 0 0  f i s h e s ;  B .  a l t i a n a l i s  5  f i s h e s ;  
. '  l Q ' e u r a l  
a n d  f o r  B a r b u s  s p p .  2 2 7  f i s h e s .  
p I  t h e  f o u r t l  
I n  t h e  c a l c u l a t i o n s  n o  a c c o u n t  w a s  l a k e n  o f  t h e  o n e  h u n d r e d  a n d  s i x t y ­
f o u r  i s o l a t e d  m a j o r  p h a r y n g e a l  t e e l h  s i n c e  t h e s e  c o u l d  n o l  b e  a s s i g n e d  t o  l e f t  
o r  r i g h t  b o n e s .  C o n s i d e r i n g  t o l a l  B a r b a s ,  i t  w i l l  b e  s e e n  t h a t  L h e  n u m b e r  
0 1  b o n e s  f r o m  e i t h e r  s i d e  l a c k i n g  m a j o r  t e e t h  i s  a l m o s t  e q u a l .  ( 6 6  l e f t  
a n d  8 1  r i g h t ) .  T h u s ,  i t  w o u l d  s e e m  r e a s o n a b l e  t o  c o n s i d e r  t h e  i s o l a t e d  t e e t h  
a s  b e i n g  d i v i s i b l e  e q u a l l y  i n t o  t w o  g r o u p s  r e p r e s e n t i n g  t h o s e  d i s l o d g e d  f r o m  
l e f t  a n d  r i g h t  b o n e s  ( t h e  s i z e  r a n g e s  o f  i s o l a t e d  t e e t h  a n d  e d e n t u l o u s  b o n e s  
a r e  s i m i l a r ) .  I f  o n e  h u n d r e d  a n d  f o r t y - s e v e n  o f  t h e  t e e t h  a r e  r e f e r e d  t o  
t h o s e  h o n e s  w h i c h  l a c k  m a j o r  t e e t h ,  t h e n  t h e  t o t a l  I n i n i m u m  n u m b e r  o f  a l l  
B a r b u s  i s  o n l y  i n c r e a s e d  b y  s i x  i n d i v i d u a l s .  
A x i a 1  s k e  l e t  0  n .  
V e r t  e b  I '  a  e .  - T h e  v e r t e b r a e ,  e s p e c i a l l y  t h e  a b d o m i n a l  e l e m e n t s ,  o f  
p r e , s e n t - d a y  B a r b a , s  b y n n i  a r e  s t o u t e r  t h a n  t h o s e  o f  f i s h e s  i n  t h e  B .  a U i a n a l i s  
s u b - s p e c i e s  c o m p l e x .  I n  l a t e r a l  v i e w ,  t h e  l o n g i t u d i n a l  s t r u t  o f  t h e  c e n t r u m  
i s  s e e n  t o  b e  t h i c k e r  i n  B .  b y n n i  t h a n  i n  B .  a l t i a n a h s  v e r t e b r a e .  T h i s  
d i f f e r e n c e  a l s o  a f f e c t s  t h e  o u t l i n e  o f  t h e  c e n t r u m  w h e n  v i e w e d  f r o m  a b o v e :  
i r ,  B .  a l l ' i a n a l i s  t h e  c e n t r u m  h a s  a  d i s t i n c t  t r a n s v e r s e  c o n s t r i c t i o n ,  w h e r e a s  
i n  B .  b y n n i  i t  i s  o n l y  s l i g h t l y  n a r r o w e d .  N e i t h e r  o f  t h e s e  c h a r a c t e r s  a r e ,  
h o w e v e r ,  a b s o l u t e ,  p a r t i c u l a r l y  w h e n  c o n s i d e r i n g  l a r g e  i n d i v i d u a l s  o f  
B .  a l l i a n a h s ;  t h e  v a l i d i t y  o f  t h e i r  u s e  i n  t h e  s p e c i f i c  i d e n t i f i c a l i o n  o f  t h i s  
m a t e r i a l  i s  d o u b t f u l  a n d  w i l l  b e  d i s c u s s e d  b e l o w .  
P r e c a u d a l  v e r t e b r a e .  
1  s  t  V e  r  t  e  b r a .  - F o r t y - e i g h t  s p e c i m e n s .  T h e  c e n t r u m  s h o w s  c o n s i ­
d e r a b l e  v a r i a t i o n  i n  o u t l i n e ,  b u t  i n  t h e  m a j o r i t y  o f  s p e c i m e n s  i t  i s  o v a l ,  
t h u s  d i f f e r i n g  f r o m  t h e  a l m o s t  c i r c u l a r  f i r s t  v e r t e b r a  o f  B a r b u s  b y n n i  a n d  
B .  a l l i a n a l i s .  
2  n  d  V e  r  t  e  b r a .  - F i f t y - f i v e  s p e c i m e n s .  M o s t  o f  t h e  f o s s i l s  a p p r o a c h  
t h e  f o r m  o f  t h e  s e c o n d  v e r t e b r a  i n  B a r b u s  b y n n i  r a t h e r  m o r e  c l o s e l y  t h a n  
t h a t  o f  B .  a l l i a n a l i s .  I n  m a n y  s p e c i m e n s  t h e  c e n t r u m  i s  o b l i q u e l y  b r o k e n  
a l o n g  a  d o r s o - v e n t r a l  l i n e .  T h i s  t y p e  o f  f r a c t u r e  i s  v e r y  s i m i l a r  t o  t h a t  
r e s u l t i n g  f r o m  a  k n i f e - c u t  i n t o  a n d  t h r o u g h  t h e  c e n t r u m ;  i t  h a s  n o t  b e e n  
o b s e r v e d  i n  s k e l e t o n s  f o u n d  i n  N a t u r e  a n d  c a n n o t  e a s i l y  b e  r e p l i c a t e d  b y  
m a n u a l  p r e s s u r e  a l o n e .  J u d g i n g  f r o m  t h e  n a t u r e  o f  t h e  e x p o s e d  s u r f a c e ,  
t h e  d a m a g e  o c c u r r e d .  b e f o r e  f o s s i l i z a t i o n .  
, . >  O t h e r  p r c c a u d a l  v e r t e b r a e .  - - T w o  h u n d r e d  a n d  t h i r t y - t h r e e  
w e l l - p r e s e r v e d  b u t  s p e c i f i c a l l y  u n i d e n t i f i a b l e  s p e c i m e n s .  T h e r e  a r e  
a p p r o x i m a t e l y  e q u a l  n u m b e r s  o f  a n t e r i o r  a n d  p o s t e r i o r  e l e m e n t s .  
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N e u l' a I s pin e s . - - Foul' isolated neural spines are identified as those 
~f the fourth vert.ebra. 
, Rib s. - The highly characteristic third rib is lepresented by eighteen 
~specimens (10 left, 8 right). In general appearance these ribs are nearer 
':those of Barbus bynni than B. altianalis. One other spe'cimen is tentatively 
~identjfied as a third rib. "., 
Nine fragment.s of pleural ribs (proximal parts) cannot be further 
identified. 
Ca u d a I vert e bra e. - The majority of these specimens is inter­
:mediate in form between the caudal vertehrae of extant Barbus altianalis 
and those of B. bynni. They are somewhat coarser than the vertebrae of 
'B. altianalis but are less compact and stout than thos3 of B. bynni; a few 
specimens are strictly comparable with similar vertebrae of B. altianalis. 
Thus it appears that the predominant species in this upper Pleistocene 
", population of Barbus combined certain osteological characters (notably the 
; pharyngeal bones and teeth) of present-day B. bynni with a vertebral form 
;'more nearly akin to that of extant B. altianalis. 
In general, the thl'ee hundre~ and eight caudal vertebrae are well 
',. preserved, but most lack neural and haemal spines. With few exceptions, 
the centrum is intact. 
Terminal vertebrae. - Five damaged specimens. 
H y pur a I s. - Five specimens. 
First intel'neural pterygiophol'c. - Except for its more 
" robust form in Barhus hynni, this bone is similar in both B. altianalis and 
, B. bynni. The forty-two fossils show varied brea\(age patterns; none is 
entire. 
Sec 0 n din t ern e u r a I. - Several characters serve to disti nguish 
the second interneural of Barhus bynni from that of B. altianalis. The 
•• characters most frequently preserved in the fossils are: . 
(i) 'I'he distal ;rticu'lar surface is almost horizontal in Barbus bynni, but 
is curved and inclined forwards in B. altianalis; laterally and below these 
facets there is an elongate and well-defined fossa in B. bynni, but in 
B. altianalis this fossa is harely, if at all, perceplible. 
(ii) In Barbus bynni the posterlOr face of the bone is clearly concave, 
with the sides sloping steeply towards the median spine; in B. altianalis this 
face is only weakly concave and gives the appearance of a gently curved 
surface divided by tho spine. Furthermore, in B. bynni the lateral bOU'ld­
4 8  
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a r i e s  o f  t h e  c o n c a v i t y  t u r n  s h a r p l y  i n w a r d s  t o  j o i n  a  m e d i a n ,  p o s t e r i o r l y
J  
' J  
d i r e c t e d  p r o j e c t i o n  f r o m  t h e  a n t e r i o r  s u r f a c e ,  w h e r e a s  i n  B .  a l t £ a n a l i s  t h e  
b o u n d a r i e s  p a s s  a l m o s t  i m p e r c e p t i b l y  i n t o  a  l a t e r a l  t h i c k e n i n g  a t  t h e  b a s e  
I
•
o f  t h e  p o s t e r i o t  p r o j e c t i o n .  
I L  w a s  f o u n d  t h a t  a l t h o u g h  t h e  l a t e r a l  f o s s a  i s  g e n e r a l l y  m o r e  d e f i n i t e  
i n  s p e c i m e n s  d e s i g n a t e d  b y  o t h e r  c h a r a c t e r s  a s  B a r b u s  c f .  B .  b y n n i ,  i n t e r ­
m e d i a t e s  betw~en t h e  «  b y n n i »  a n d  «  a l t £ a n a l £ s  »  t y p e s  o c c u r r e d  i n  s p e c i ­
m e n s  a s s i g n e d  t o  B a r b u s  c f .  B .  b y n n £  o r  t o  f l .  c f .  a l t £ a n a l £ s .  
B r e a k a g e  p a t t e r n s  v a r y ,  w i t h  t h e  m a j o r i t y  o f  s p e c i m e n s  r e p r e s e n t i n g  t h e  
N o 
  
) '
"  
; ! , .  . e n a b l e 

d i s t a l  t h i r d  o r  t w o  t h i r d s  o f  t h e  b o n e .  
!  
N i n e t y - t h r e e  s p e c i m e n s  a r e  i d e n t i f i e d  a s  s e c o n d  i n t e r n e u r a l  p t e r y g i o ­
o f  L a !  
p h o r e s ;  o f  t h e s e ,  e i g h t y - f o u r  a r e  r e f e r r e d  t o  B a r b u s  c f .  B .  b y n n £  a n d  n i n e  t o  
i d e n t i c  
B .  c f .  a l t £ a n a h s .  
c o n s i d e :  
T  h  i  r  d i n  t  e r n  e  u  r  a  1 .  - T h e  m o r e  c o n c a v e  p o s t e r i o r  f a c e  o f  t h i s  
e l e m e n t  i n  e x t a n t  B a r b u s  b y n n £  a n d  d i f f e r e n c e s  i n  t h e  s h a p e  o f  t h e  a r t i c u l a r  
5 U r f a c e ,  p e r m i t  f a i r l y  c81·t~in s p e c i f i c  i d e n t i f i c a t i o n .  
A l l  t h e  f o s s i l s  a r e  i n c o m p l e t e ,  t h e  d i s t a l  t h i r d  t o  t w o - t h i r d s  o f  t h e  b o n e  
b e i n g  m o s t  f r e q u e D t l y  p r e s e r v e d .  O f  s e v e n t e e n  s p e c i m e n s ,  s i x t e e n  a r e  
a s s i g n e d  t o  B a r b u s  c f .  B .  b y n n £  a n d  o n e  t o  B .  c f .  a l t i a n a l i s .  
F  0  u r t h  i n t e r n e  U  l '  a  1 .  - O n e  s p e c i m e n  ( s p e c i f i c a l l y  i n d e t e r m i n a b l e ) .  
T h r e e  f r a g m e n t a r y  s p e c i m e n s  a r e  t e n t a t i v e l y  i d e n t i f i e d  a s  f i r s t  ( f  2 )  a n d  
s e c o n d  i n t e r n e u r a l  p t e r y g i o p h o r e s .  
I n t e r h a e  m a l  p t e r y g i a p h  0  r e s .  - T h r e e  f r a g m e n t a r y  s p e c i m e n s  
a r e  i d e n t i f i e d  a s  s e c o n d ,  t h i r d  a n d  f o u r t h  i n t e r h a e m a l s .  
1  
I I  
P e  e t a r a 1  a n d  P e l v i c  g i r  d I e s .  - A r e  e a c h  r e p r e s e n t e d  b y  a  
s i n g l e ,  f r a g m e n t a r y  s p e c i m e n .  
~ 
T h i r d  ( e n l a r g e d )  d o r s a l  f i n - r a y .  - T h e r e  a r e  t h i r t y - o n e  
f r a g m e n t s  ( 2 1  l e f t  a n d  1 0  r i g h t  h a l v e s )  m o s t l y  f r o m  t h e  p r o x i m a l  f i f t h  t o  
t h i r d  o f  t h i s  s p i n e - l i k e  r a y .  O n  t h e  b a s i s  o f  t h e i r  s l i g h t  c u r v a t u r e  a n d  t h e i r  
m a s s i v e n e s s ,  t h e  s p e c i m e n s  a r e  r e f e r r e d  t o  B a r b u s  c f .  B .  b y n n £ .  T w o  o t h e r  
s p e c i m o n s  s h o u l d  p r o b a b l y  b e  i d e n t i f i e d  a s  f r a g m e n t s  o f  t h i s  r a y .  
B r a n c  h e d  d a r s a l  a n d  a n  a l l ' a y s .  - I t  s e e m s  p r o h a b l e  t h a t  
m o s t  o f  t h e  t w o  h u n d r e d  a n d  s e v e n t y - n i n e  h a l v e s  o f  f i n  r a y s  r e c o v e r e d  f r o m  
t h i s  d e p o s i t  s h o u l d  b e  r e f e r r e d  t o  B a r b u s .  
;ii;~ 
S i z  e r a n g e  a n d  n  u m  b e r  o f  i n d i v i d u a 1 s .  - T h e  s i z e  r a n g e  
~; 1  
" ' o f  i n d i v i d u a l s  p r e s e n t  i n  t h i s  s a m p l e  i s  e s t i m a t e d  t o  b e  f r o m  2 5  t o  7 5  e m .  
t [ r  a n  c j  
s t a n d a r d  ~ength, w i t h  a  d i s t i n c t  m o d e  b e t w e e n  4 5  a n d  6 0  e m .  
i  
T h e  p r o b a b l e  m i n i m u m  n u m b e r  o f  i n d i v i d u a l s  o f  b o t h  s p e c i e s  i s  t w o  
h u n d r e d  a n d  t w e n t y - s e v e n .  
~
. "  
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...., 
PERCOMORPHI 
Fam. CENTROPOMIDAE. 
Lates cf. L. niloticus. 
No well-defined osteological charaders have been found which will 
enable Lates niloticus to be distinguished from the species and sub-species 
of Lates occurring in Lakes Rudolf and Albert. The fossil bones are 
identical with comparable elements from species of this complex and are 
considered as representing L. niloticus. 
N e u l' 0 C l' ani u m. - The few neurocranial bones present are identified 
as follows : 
Vo mer. - The dentigerous surface is preserved in all nine specimens, 
and the posterior ventral limb in seven. There is some variation in the 
shape of the toothed area. Basically, this surface is cardiform in outline, 
hut in seven specimens the posterior median margin is produced as either 
a narrow, or, a broad tongue. Two other specimens have the posterior 
margin smoothly convex. Some intraspecific variability in this character 
was observed amongst the extant species and sub-species examined; in these, 
the posterior outline is usually either somewhat concave or convex. Since 
so few fossils are available and because this character is known to be, 
inconstant in living fishes, it must be considered of little taxonomic 
importance. (See also WHITE, 1927). 
Par asp hen 0 i d. - Represented by six fragments, one of which is 
almost entire; the remainder are from the middle third of the 'bone. 
Bas i 0 c c i pit a 1.'- In all fourteen specimens fracturing has occurred 
along almost identical lines. The facet and lateral walls immediately 
anterior to it are preserved, but, as the break runs obliquely ventrad, the 
anterior part of the bone is represented only by its 'ventral and ventro­
lateral walls, 
Ex 0 c c i pit a 1. - Three, fairly complete specimens. 
Sup I' a 0 c c i pit a 1. -- Three fragments, two from the middle third 
of the bone and one in which the anterior two thirds are preserved, 
B I' a n chi 0 c l' ani u m. 
Pal a tin e. - Two imperfect specimens (left and right) from fishes of 
manifestly different sizes. 
5 0  
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t 	
H  y  p o  h  y  a  L  - A  s i n g l e  s p e c i m e n ,  w a n t i n g  t h e  d o r s a l  t h i r d .
,  
F i r s t  i J
C  e r a  t  a  h  y  a  L  - F i v e  s p e c i m e n s  ( 4  l e f t ,  1  r i g h t ) ,  a l l  m o r e  o r  l e s s  e n t i r e .  
- t  
H  y o m  a n d  i  b  u  1 a .  - T h r e e  i m p e r f e c t  s p e c i m e n s  ( 1  l e f t ,  ~ r i g h t ) .  
Q u a  d  l '  a t e .  - S i x t y  s p e c i m e n s  ( 3 1  J e f t ,  2 9  r i g h t )  e x h i b i t i n g  v a r i o u s  
d e g r e e s  o f  c o m p l e t e n e s s ,  f r o m  v i r t u a l l y  e n t i r e  t o  s o m e  i n  w h i c h  o n l y  t h e  
a r t i c u l a r  s u r f a c e  a n d  v e n t n l l  l i m b  a r e  p r e s e n t .  
I : 	  
A r t  i  c u I  a  r .  - T h i r t y - s i x  s p e c i m e n s  ( 1 3  l e f t ,  2 3  r i g h t )  o f  w h i c h  o n l y
; i :
,  
t w o  a r e  a l m o s t  e n t i r e .  W i t h  f e w  e x c e p t i o n s ,  t h e  r e m a i n d e r  s h o w  a  r a l h e r  
c o n s t a n t  f r a c t u r e  p o i n t  a n t e r i o r  t o  t h e  ' f a c e t ;  i n '  s o m e ,  b r e a k a g e  h a s  o c c u r r e d  
i m m e d i a t e l y  a n t e r i o r  t o  t h e  f a c e t .  
D e n  t a r  y .  - S e v e n t y - t w o  s p e c i m e l 1 3  ( 6  l e f t ,  6 6  r i g h t ) ,  n o n e  e n t i r e .  T h e  
k 	  
l i n e  o f  f r a c t u r e  i s  r e m a r k a b l y  c o n s t a n t ,  o c c u r r i n g  m o s t  f r e q u e n t l y  s o m e w h a t  
a n t e r i o r  t o  t h e  p o i n t  a t  w h i c h  t h e  d e n t a r y  f o r k s  i n t o  a s c e n d i n g  a n d  h o r i z o n t a l  
r a m i .  
,  
P r e  m  a  x  i l l  a .  - T w e n t y - t h r e e  ( 1 2  l e f t ,  1 1  r i g h t ) ;  b r e a k a g e  i s  v a r i e d  
a n d  o n l y  t w o  b o n e s  a r e  e n t i r e .  
. M  a  x  i  I I  a .  ' - T w e n t y - f i v e  s p e c i m e n s  ( 9  l e f t ,  1 6  r i g h t ) ,  n o n e  e n t i r e ;  m o s t  
s p e c i m e n s  a r e  d e r i v e d  f r o m  t h e  a n t e r i o r  a n d  a n t e r o - l a L e r a l  p o r t i o n s  o f  
t h e  b o n e .  
P r e  o p e  r  c u I  u  m .  - T w e n t y  f r a g m e n t a r y  s p e c i m e n s  ( 1 1  l e f t ,  9  r i g h t ) ,  
m o s t l y  d e r i v e d  f r o m  t h e  r e g i o n  b e t w e e n  t h e  a s c e n d i n g  i l . n d  h o r i z o n t a l  l i m b s ,  
a l t h o u g h  t h e  a s c e n d i n g  l i m b  i s  p r e s e n t ,  a l b e i t  i n c o m p l e t e ,  i n  f i v e  s p e c i m e n s .  
B r a  n  c h i  0  s  t  e g a  I  I '  a  y  s .  - T w o  s p e c i m e n s ,  o n e  a b o u t  t w o - t h i r d s  
c o m p l e t e  a n d  t h e  o t h e r  a b o u t  o n e - t h i r d  c o m p l e t e .  
G i  1 1 - r  a k e  l '  S .  - F i v e  w e l l - p r e s e r v e d  s p e c i m e n s ,  a l l  f r o m  t h e  f i r s t  
g i l l - a r c h  ( f o u r  f r o m  t h e  e p i b r a n c h i a l  a n d  o n e  f r o m  t h e  e p i - c e r a t o b r a n c h i a l  
a n g l e ) .  
F i n  s k  e  l e t  0  n .  
P e c  t o r a I g i r  d I e . P a s t - l e m p  0 r a  1 . - S i x f r a g m e n t a r y s p e c i m e n s .  
C  l e i  t  h  r u m .  - S e v e n t e e n  s p e c i m e n s  ( 6  l e f t ,  1 1  r i g h t ) ,  a l l  i n c o m p l e t e :  
t h e  m a j o r i t y  i s  f r o m  t h e  r e g i o n  b e t w e e n  t h e  a s c e n d i n g  a n d  h o r i z o n t a l  l i m b s ,  
b u t  s h o r t  l e n g t h s  o f  b o t h  . l i m b s  a r e  u s u a l l y  p r e s e n t .  
S  c a p  u  I  a .  - T w o  i n c o m p l e t e  s p e c i m e n s  f r o m  t h e  v e n t r o l a t e r a l  p o r t i o n  
O ' i  t h i s  b o n e ,  i n c l u d i n g  t h e  t r o c h l e a  f a c e t .  
P e l v i c  g  i  l '  d I e .  - F i v e  f r a g m e n t a r y  s p e c i m e n s  ( 4  l e f t ,  1  r i g h t )  o f  L h e  
p o s t e r i o r  t r a n s v e r s e  f a c e  a n d  p a r t  o f  t h e  m e d i a n  l o n g i t u d i n a l  l i m b .  
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Interneural pterygiophores. 
Firs tin t ern e u l' a 1. - Two incomplete specimens. 
T h i l' din t ern e u l' a 1. - This very characteristic pterygiophore is 
represented by twenty, variously fragmented specimens. 
..... 
Fourth interneural. - Two incomplete.specimens. 
One fragmentary and serially indeterminable interneural is tentatively 
referred to Lates. 
In t e l' h a e mal pte r y g i 0 P hoI' e s. 
Firs tin t e r h a em a 1. - Twenty-six well-preserved specimens. A 
badly damaged fragment, probably from the distal third of this interhaemal, 
is provisionally referred to Lates. 
Do r s a I and a n a I fin - s pin e s . - Forty-two spines are tentatively 
identified as those of Lates, aHhoLlgh the possibility that some were derived 
from large individuals of Tilapia cannot be overruled. In addition there 
are t.wo anal spines and two rays which were preserved in their serial 
arl'angement, but which were dislodged during cleaning and development. 
Pectoral spines. Thirty-tllree (25 left, 8 right) spines may be 
I'eferred to Lates. 
Vertebrae. 
In general, the vertebrae are well-preserved, although most have thei!' 
neural and haemal arches broken or missing entirely. There is no in<;lication 
of rolling or weathering and the finest details of sculpturing and pattern arc 
preserved. 
Pre c au d ~ I v e r t e bra e. - 1st: eleven specimens; 2nd : seven speci­
mens; 3rd : twenty-three specimens; 4th : nine specim~ms. 
Excepting the twelfth vertebra, which is easily recognised by the trans­
verse strut connecting the parapophyses, none of the more posterior 
precaudal vortebrae was individually identified. There are sjxty-three such 
elements and three twelfth vertebrae. 
Ca u d a 1 v e r t B.b r a~. - Sixty-one specimens. 
Thirty-one fragmentary vertebrae are readily identifiable as those of 
Lates, but they cannot be,serially placed. 
Rib s. - One specimen, the head of an anterior abdominal rib. 
Size range and number of individuals. 
From the vertebrae and certain syneranial bones, the size range of 
individuals represented in this sample is estimated to be from 30-iOO cm 
t  
f  
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s t a n d a r d  l e n g t h ,  w i t h  d i s t i n c t  m o d e s  a t  c a .  4 0  a n d  c a .  6 5  c m .  T h u s ,  i t  i s  
o b v i o u s  t h a t  L a t e s  f r o m  t h i s  d e p o s i t  w e r e  c o n s i d e r a b l y  s m a l l e r  t h a n  t h o s e  
f r o m  K a i s o  b e d s  a n d  b e d s  o f  t h e  S e m l i k i  s e r i e s  i n  t h e  L a k e  E d w a r d  a r e a .  
T h e  e s t i m a t e d  m i n i m u m  n u m b e r  o f  i n d i v i d u a l s  r e p r e s e n t e d  i s  s i x t y - s i x  
( d e r i v e d  f r o m  t h e  d e n t a r y ) .  
F a m .  C I C H L I D A E .  
T i l a p i a  s p .  i n d e t . .  
T h e  T i l a p i a  r e m a i n s  a r e  i n t e r e s t i n g  b e c a u s e  o f  t h e  d i s p r o p o r t i o n a t e l y  
h i g h  n u m b e r  ' o f  f i r s t  i n t e r h a e m a l  p t e r y g i o p h o r e s  p r e s e r v e d .  R e a s o n s  f o r  
t h i s  d i s p a r i t y  m a y  p o s s i b l y  b e  a s s o e i a t e d  w i t h  h u m a n  a c t i v i t y ;  i t  i s  d i f f i c u l t  
t o  i m a g i n e  a n y  n a t u r a l  s o r t i n g  p r o c e s s  w h i c h  c o u l d  p r o d u c e  s i m i l a r  r e s u l t s ,  
p a r t i c u l a r l y  s i n c e  t h e  p h e n o m e n o n  i s  a p p a r e n t l y  r e s t r i c t e d  t o  o n e  s p e c i e s .  
T h e  s p e c i f i c  d M e r m i n a t i o n  o f  t h e  T i l a p i a  f o s s i l s  h a s  p r o v e d  i m p o s s i b l e .  
B  I '  a  n  c h i  0  c  I '  a n i  u  m .  
H  y o m  a n d  i  b  u  I  a .  - F o u r  i n c o m p l e t e  s p e c i m e n s  ( a l l  l e f t ) .  
Q u a  d  I '  a t e .  - T h r e e  f r a g m e n t a r y  a n d  s i m i l a r l y  f r a c t u r e d  s p e c i m e n s .  
A r t  i  c u I  a  r .  - T e n  s p e c i m e n s  ( 5  l e f t ,  5  r i g h t ) ,  o f  w h i c h  f i v e  a r e  a l m o s t  
e n t i r e .  
D e n  t  i t  I '  y .  - T w o  i n c o m p l e t e  s p e c i m e n s .  
P r e  m  a  x i  1 1  a .  - S i x  i n c o m p l e t e  b o n e s  ( 5  l e f t ,  i  r i g h t )  c o m p r i s i n g  t h e  
a n t e r i o r  t h i r d  o f  t h e  h o r i z o n t a l  r a m u s  a n d  t h e  m a j o r  p a r t  o f  t h e  a s c e n d i n g  
p r o c e s s .  I t  i s  c l e a r  f r o m  t h e  a l v e o l a r  s u r f a c e  t h a t  a t  l e a s t  f i v e  i n n e r  s e r i e s  
o f  t e e t h  w e r e  p r e s e n t .  
U  I '  0  h  Y a  1 .  - O n e ,  a l m o s t  e n t i r e  s p e c i m e n .  
O p e  I '  c u i  u  m .  - T h i r t y - e i g h t  f r a g m e n t a r y  s p e c i m e n s  ( 1 7  l e f t ,  2 1  r i g h t ) .  
S u b  0  p e r  c u i  u  m .  - O n e  f a i r l y  c o m p l e t e  b o n e .  
F i n  s k e l e t o n .  
P o s t - t e m  p  0  l '  a  1 .  - O n e ,  a l m o s t  e n t i r e  b o n e .  
P e l v i c  g i  l '  d  I  e . '  - C h a r a c t e r s  s e r v i n g  t o  d i s t i n g u i s h  t h e  p e l v i c  g i r d l e  
o i  L o [ ( > s  a n d  T i l a p i a  a r e  n e i t h e r  n u m e r o u s  n o r  w e l l  r e p r e s e n t e d  i n  t h e  
f o s s i l s ;  t h u s ,  s o m e  f r a g m e n t s  t h o u g h t  t o  b e  f r o m  T i l a p i a  m a y  b e  d e r i v e d  
f r o m  t h e  g i r d l e s  o f  s m a l l  L a t e s .  
~-~- " - - ­
lm. Thus, it is ller than those e Edward area. 
mted is sixty-six 
isproportionately 
ld. Reasons for 
lty; it is difficult 
~ similar results, 
l to one species. 
Dved impossible. 
left). 
,ured specimens. 
1 five are almost 
) comprising the 
of the ascending 
fi ve inner series 
L7 left, 21 right). 
the pelvic girdle 
)resented in the 
may be derived 
NATIONAAL ALBERT PARK 53 
,', 
Ten specimens (4 left, 6 right) are tentatively referred to Tilapia; all are 
very fragIllentary. 
Fir s tin tel' h a e mal pte r y g i 0 P h 0 reo - The first interhaemal 
is the predominant Tilapia fossil, being represented by one hundred and 
ninety-three specimens. Of these, seventeen are virtually entire, with only 
the attenuated proximal spine broken near its tip; thirty-nine others have 
at least two-thirds of the bone preserved. The remaining specimens are 
more fragmentary, but include one in which the first anal spine is still 
articulated by its delicate double-ring joint. Only a few other bones have 
the pterygiophore joint intact. 
It is impossible to divide this material into well-defined breakage groups 
since inter-grading fracture types are common. 
Fin - s pin e s. 
Dar sal fin. -- On the basis of their curvature and the inclination of 
the proximal face, one hundred and forty-seven spines are assigned to 
Tilapia. The material is variously broken ,and only a few spines are entire; 
the majority is of the proximal half or less. 
A n a 1 fin. -- Fifty-one specimens, comprising eighteen first and thirty­
three second and third spines. Unlike the dorsal spines, many anal spines 
are entire, or, almost entire. 
Pel vic s P i ~1 e. -- Thirty-two (10 left, 22 right).' 
Vertebrae. 
Pre c a u d a 1 vel' t e bra e. - 1st : twenty-six specimeI"Js; 2nd twenty­
three specimens; 3rd : thirteen specimens. 
II! addition thepe are one hundred and thirty-nine precaudal vertebrae 
of indeterminable position in the column. 
, 
Ca u d a 1 ve r t e bra e. - One hundred and sixty-one specimens, all 
of indeterminable position. 
All vertebrae are well preserved and although many are without neural 
and haemal spines there is a high proportion of specimens with these 
delicate structures intact. 
Size range and number of individuals. 
The modal size of these Tilapia is estimated at ca. 35 em standard length, 
and the size range from ca. 30-40 em. The minimum number of individuals 
(based on the nUIllber of first intel'haeIllal pterygiophores) is one hundred 
and ninety-three. 
·.... 1.• 
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P A L A E O P T E R Y G I I  ?  B a s i  
F a m .  P O L Y P T E R I D A E .  
P o l y p l e r u s  s p .  
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G J : £ N E R I C A L L Y  U N I D E N T I F I A B L E  P E R C O M O R P l l } .  
' r h e  o n l y  s p e c i m e n  f r o m  t h i s  g e n u s  i s  a n  a l m o s t  e n t i r e  a b d o m i n a l  v e r ­
t e b r a .  P o l y p t e r u s  d o e s  n o L  o c c u r  i n  t h e ' p r e s e n t ' f a u n n  o f  L a k e  E d w a r d  a n d  
n e i t h e r  w a s . i t  f o u n d  i n  e a r l i e r  d e p o s i t s .  
V e r t e b r a l  f o r m  i n  t h i s  f a m i l y  i s  v e r y  c h a r a c t e r i s t i c  a n d !  h a v e  n o  d o u b t  
a s  t o  t h e  i d e n t i t y  o f  t h e  s p e c i m e n .  
I n  a p p e a r a n c e  a m I  m i n e r a l i z a  L i o n  t h e  P o l y p t e r u s  v e r t e b r a  c o m p a r e s  v e r y  
c l o s e l y  w i t h  o t h e 1 '  s p e c i m e n s  f r o m  t h i s  d e p o s i L ;  t h u s ,  t h e r e  s e e m s  l i t t l e  
r e a s o n  t o  d o u b t  t h e  c o n t e m p o r a n e i t y  o f  P o l y p t e r u s  w i t h  t h e  o t h e r  s p e c i e s  
o f  t h e  N ,  F .  P .  R .  S i n c e  t h e  f i s h  f a u n a  o f  t h e  p e r i o d  w a s  s o  t y p i c a l l y  N i l o t i e  
t h e  p r e s e n c e  o f  P o l : l J p l e r u s  i s  n o t  u n e x p e c t e d .  I t  i s ,  o f  c o u r s e ,  i m p o s s i b l e  t o  
g i v e '  a  c e r t a i n  s p e c i f i c  i d e n t i f i c a t i o n  f r o m  o n e  v e r t e b r a ,  b u t  i t  c a n  b e  s a i d  
t h a t  t h e  b o n e  c o m p a r e s  m o r e  c l o s e l y  w i t h  t h e  c o r r e s p o n d i n g  v e r t e b r a e  o f  
P .  s e n e g a l u s  t h a n  w i t h  t h o s e  o f  P .  e n d e r l i c h i  o r  P .  b i c h i l ' .  
T h e  p a u c i t y  o f  P o l Y 1 J t e r u s  r e m a i n s  m a y  r e f l e c t  t h e  r e l a t i v e  s c a r c i t y  o f  
t h e s e  f i s h e s  i n  t h e  E p i - P l e i s t o c e n e  l a k e .  C e r t a i n l y ,  i n  p r e s e n L - d a y  L a k e  
A l b e r t ,  P .  s e n e g a l u s  i s  n o t  o f t e n  o r  e a s i l y  c a p t u r e d .  
! i '  
: i )  2  f r a g m e n t a r y  f i n - s p i n e s  ( ?  L a t e s  d o r s a l  a u d  a n a l  s p i n e s ) .  
( i i )  2 3  f i n - r a y s  a n d  s p i n e s ,  i n  w h i c h  o n l y  p r o x i m a l  e n d s  a r e  p r e s e r v e d .  
( i i i )  5  p e c t o r a l  s p i n e s .  
G E N E R I C A L L Y  UNIDl'~NTIFIABLE F R A G M E N T S .  
Q U  1 1  d  l '  a t e .  - F o u r t e e n .  
~ 
V e  r  t  e  b r a  e .  - . F o u r  h u n d r e d  a n d  f i f t y - t h r e e  f r a g m e n t s .  
, . .  I t  s e e m s  l i k e l y  t h a t  t h e  g r e a t e r  n u m b e r  o f  t h e s e  f r a g m e n t s  s h o u l d  b e  
a s s i g n e d  t o  B a r b u s .  I d e n t i f i c a t i o n  c a n n o t ,  h o w e v e r ,  b e  c o n s i d e r e d  s u f f i ­
c i e n t l y  c e r t a i n  t o  ' p e r m i t  t h e i r  i n c l u s i o n  w i t h  o t h e r  m a t e r i a l  r e f e r r e d  t o  t h i s  
g e n u s .  
H y p u r 1 1 1  e l e m e n t s .  - ­ T h i r t e e n .  
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Pte r y g i a p h are s. - Eighty-eight; interneurals of the Barbus type 
predominate. 
..,?Basioccipital. - Thirteen. 
Un ide n t if i a b Ie bon e s. - Ninety-eight, of which seven are den· 
tigerous. 
SITE Xa 
Ishango, at the source of the Semiiki. Excavation in the post-emersion 
zone (Z.POST-EM.), trench N 43G E, between 7 and 23 metres. Me s 0­
lit h i c; a kitchen midden. 
DIPNOI 
Fam. LEPIDOSIRENIDAE. 
Protopterus sp. 
A large fragment of upper tooth-plate. 
OSTARIOPHYSI 
SILUROIDEA 
Fam. BAGRIDAE. 
Bagrus sp. 
The presence of Bagrw in this deposit is of particular interest. The 
only other unequivocal record of this genus in the Lake Edward basin is 
from deposits at Kanyatsi (Lower Kaiso age). 'rhe apparent absence of 
Bagrus from the generically rich site IX (N.F.PR.) is enigmatic and remains 
unexplained. 
\0, 
j 
I ' 
i  
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~ 
N e u  I '  o c r a n i u  m .
· l ,  
F  I '  a n t  a  1 .  - - E i g h t  s p e c i m e n s  ( 4  l e f t ,  4  r i g h t )  d e r i v e d  f r o m  t h e  p o s t e r i o l '  
p a r t  o f  t h e  b o n e .  A l l  a r e  w e l l  p r e s e r v e d ,  w i t h  t h e  f i n e s t  detaiL~ o f  s c u l p ­
t  
t u r i n g  i n t a c t ;  b r e a k a g e 	  i s  v a r i e d .  
S u p  I '  a  a c e  i  p i t  a  1 .  - T w o  s p e c i m e n s ;  o n e  a l m o s t  e n t i r e  b u t  l a c k i n g  
i t s  p o s t e r i o r  s p i n e ,  t h e  o t h e r  r u t h e r  e x t e n s i v e l y  d a m a g e d .  
,  
S p  h e n o t i c .  - A  s i n g l e ,  a l m o s t  c o m p l e t e  b o n e  ( l e f t ) .  
t  
) ;  
P  a  I '  a s p  h e n  a i d .  - T w o  f r a g m e n t s ,  f r o m  t h e - m i d d l e  t h i r d  o f  t h e  b o n e  
I  
a n d  w i t h  a l m o s t  i d e n t i c a l  f r a c t u r e  l i n e s  i n  b o t h  t h e  h o r i z o n t a l  a n d  v e r t i c a l  
p l a n e s .  
B a s  i a c e  i p i t a  1 .  - F o u r  s p e c i m e n s ,  e a c h  c o m p n s l I l g  t h e  f a c e t  a n d  
.~ 
p o s t e r i o r  t h i r d ,  o r ,  q u a r t e r  o f  t h e  b o n e ;  t h e  d o r s a - l a t e r a l  f a c e  i s  b r o k e n  
i n  a l l .  
B  I '  a  n  c h i  a  c  I '  a n i u  m .  
. I  
.  H y o m a n d i b u  i  a .  - T w o  s p e c i m e n s  ( l e f t  a n d  r i g h t ) ;  t h e  l e f t  i s  a l m o s t  
1 '  
c o m p l e t e  b u L  L h e  r i g h t  c o m p r i s e s  o n l y  i t s  a r t i c u l a r  h e a d .  
, , 
  
Q U  1 1 d  I '  a t e .  - T w o  f r a g m e n t a r y  s p e c i m e n s . 

,~ ~ 
, J  
A  I '  t i c  u  1 a  r .  - S i x  s p e c i m e n s  ( 4  r i g h t ,  2  l e f t ) .  
f  ; ,  
. 1  •  
D e  1 1 t a  I '  y .  - F i f t e e n  s p e c i m e n s  ( 6  l e f t ,  9  r i g h t ) .  W i t h  t h r e e  e x c e p t i o n s ,
1  ~ " ; 

i  ~~ 
o n l y  t h e  a n t e r i o r  ( s y m p h y s i a l )  p o r t i o n  i s  p r e s e r v e d ;  i n  t h e  e x c e p t i o n a l  b o n e s 
  
;~	 
t h e  g r e a t e r  p a r t  o f  t h e  h o r i z o n t a l  l i m b  i s  p r e s e n t .
- \  
F , 
  
I n  a d d i t i o n ,  t w o  f r a g m e n t s  o f  d e n t i g e r o u s  b o n e  a r e  t h o u g h t  t o  b e  d e r i v e d 
  
f r o m  t h e  d e n t a r y  o f  B a g r u s .  
~ . .  
V e r t  e b  I '  a  e .  - ' I ' h e  c e n t r u m  o f  t h e  a n t e r i o r  f u s e d  v e r t e b r a l  m a s s  i s  
r e p r e s e n t e d  b y  t w e l v e  v a r i o u s l y  f r a g m e n t e d  s p e c i m e n s .  T h e r e  i s  a l s o  a  
"\ 	  
f r a g m e n t  f r o m  t h e  a n t e r i o r ,  m e d i a n  c r e s t  o f  t h i s  b o n e ,  a n d  f o u r  w e l l ­
p r e s e r v e d  s p e c i m e n s  o f  t h e  c e n t r u m  w h i c h  l i e s  b e t w e e n  t h e  c o m p o u n d  
v e r t e b r a  a n d  t h e  b a s i o c c i p i t a l  f a c e t .  
,  
P r e  c  a u  d  a  1  v e r t  e  b r a  e .  - F o r t y - t h r e e  s p e c i m e n s .
l  
C a u d a 1  v e r  t e e b  l '  a  e .  - F a r l y - s i x  s p e c i m e n s .  
, . '  
F i n  s  k  e  1 e t a  n .  - T h e  p e c t o r a l  g i r d l e  i s  r e p r e s e n t e d  b y  t w o  f r a g m e n t s  
( 1 e f t )  w h i c h  i n c l u d e  t h e  a r t i c u l a r  f o s s a  e m d  s h o r t  p o r t i o n s  o f  t h e  a s c e n d i n g  
a n d  h o r i z o n t a l  l i m b s  i m m e d i a t e l y  a d j a c e n t  t o  i t .  T h e r e  a r e  a l s o  t w o  
~ 
f r a g m e n t l  
a n d  o n e  i  
F  i  n - s  
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fragmentary post-temporals (left and right, but from different individuals) 
and one incomplete scapulacoracoid. 
...,Fin-spines. 
Dol's a 1. - Three specimens (one almost complete and two from the 
proximal third and quarter). Three fragments from the distal part of the 
spine are tentatively assigned to this genus. 
Pee tor a 1 s pin e. - Twelve (5 left, 7 right). None is entire, but the 
complex articular head is well-preserved in all. There is also a fragment 
which is probably from the distal portion of the spine. 
Fam. CLARIIDAE. 
C1arias sp. 
One fragment of neurocranial roofing bone (possibly the post-frontal) and 
four vertebrae (3 precaudal and 1 caudal, from at least two individuals) are 
the sole remains of Clarias in this collection. A fragment of parasphenoid 
may be derived from a Clarias. 
CYPRINOIDEA 
Fam. CYPRINIDAE. 
Barbus sp. (probably B. bynni).' 
Den t a I' y. - Two rami (left and right) from different fishes. 
A r lie u 1a r. - One ralher fragmentary specimen (left) .. 
Pharyngeal bones and' teeth. - Two incomplete right bones, 
comprising the lower limb, major pharyngeal tooth and part of the 
dentigerous area. In aduition there is the crown oJ a very large major 
pharyngeal tooth whose gross morphology is similar to that of the unworn 
tooth in B. bynni. 
Vert e bra e. - Nine precaudal and twenty-one caudal elements. 
Apart from the large pharyngeal tooth, apparently only two fishes (with 
estimated standard lengths of 30 and 50 ern) are represented by this material. 
5 8  P A R e  N A T I O N A L  A L B E R T  
P E R C O M O R P H I  
F a m .  C I C H L I D A E .  
T i l a p i a  s p . 
  
T i l a p i a  a r e  p o o r l y  r e p r e s e n t e d  b y  t h e  f o l l o w i n g  f r a g m e n t s 
  
A  l '  t i c  u  1 a  r .  - O n e ,  a l m o s t  c o m p l e t e  s p e c i m e n . 
  
,  
V e r t  e  b  l '  a  e .  - T w o  p r e c a u d a l  ( p o s s i b l y  s e c o n d  v e r t e b r a )  a n d  e l e v e n  
c a u d a l  v e r t e b r a e .  
F i n - s p i n e s .  
P  e c  t o r  a  1 .  ~- O n e  a l m o s t  c o m p l e t e  r i g h t  s p i n e .  T h e  p r o x i m a l  t w o ­
t h i r d s  o f  a n o t h e r  s p i n e ,  l a c k i n g  t h e  d i a g n o s t i c  a r t i c u l a r  h e a d ,  i s  t e n t a t i v e l y  
i d e n t i f i e d  a s  T i l a p i a .  
D o  l '  S  < 1 1  f i n .  - - - >  ' r w e n t y  s p i n e s  ( a b o u t  e q u a l  n u m b e r s  o f  a n t e r i o r  a n d  
p o s t e r i o r  s p i n e s )  a r e  t e n t a t i v e l y  r e f e r r e d  t o  t h i s  g e n u s .  
A n  3 ,  1  f i n .  - T w o  s p i n e s .  
S  i  z e r a  n  g  e .  - T h e s e  f e w  s p e c i m e n s  w e r e  d e r i v e d  f r o m  f i s h e s  b e t w e e n  
c a .  3 5  a n d  4 5  c m  s t a n d a r d  l e n g t h .  
G E N E R I C A L L Y  U N I D E N T I F I A B L E  M A T E R I A L .  
V e r t e  b  l '  a e  a n d  f  l '  a  g  m e n  t  s  a  f  v e r t  e  b r a  e .  - T w e n t y - o n e .  
I i ' i  n - I '  a y  s a n d  s p i n e s .  - T w o .  
U n i d e n t i f i a b l e  f r a g m e n t s .  - T w o .  
F a m .  C E N T R O P O M I D A E .  
L a t e s  s p .  
V e  l '  t  e  b r a  e .  - T w o  a h d o m i n a l  a n d  o n e  c a u d a l  v e r t e b r a e .  T h e  a b d o m ­
i n a l  e l e m e n t s  h a v e  t h e  s a m e  a p p e a r a n c e  a s  o t h e r  s p e c i m e n s  f r o m  t h i s  
d e p o s i t ,  w h e r e a s  t h e  c a u d a l  v e r t e b r a  i s  l i g h t e r  i n  c o l o u r  a n d  h a s  a n  a d h e r e n t  
m a t r i x  s i m i l ; ] r  t o  t h a t  o f  f o s s i l s  f r o m  t h e  N . F . P R .  
D e n t  a  l '  y .  - T h e  a n t e r i o r  t w o  t h i r d s ,  f r o m  a  s m a l l  f i s h .  T h e  s p e c i m e n  
i s  r e l a t i v e l y  w e l l - m i n e r a l i z e d .  
A s  f o r  X a ,  
t~brae
4 ,  
~-te r i o  
'~, f r o m  
. e o s  Qf~· 
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NATIONAAL ALBERT PARK 
...., 
SITE Xb 
As for Xa, but b'ench N 14~1G E, between 15 and 19 metres. 
OSTARIOPHYSI 
SILUROIDEA 
Fam. BAGRIDAE. 
Bagrus sp. 
Den t it r y. - Two specimens (left and right rami, from different 
individuals) in which only the dentigerous surface is preserved. 
P e c tor a 1 g i r dIe. 
C lei t h l' U m. - Two fragmentary specimens, one of the ventral margin 
of the Rscending limb, ihe other from Lhe median aspect of the cleithrum 
near its point of union with [he mesocoracoid. 
Pee t a I' a I fin - s pin e s . - Two almost entire spines (left and right). 
Slight. size differences suggest that they are from different individuals. 
Vertebrae. 
Anterior fused 'vertebral mass. - Three specimens, all 
derived from the antero-ventral aspect of Ihis structure, together with three 
specimens of the vertebr'awhich lies between the cqmpound vertebra and 
the skull. 
Pre c a u d a I vert e bra e. - Thirteen. 
Caudal vertebrae. - Twenty-seven. 
The eslimated size range of Lhe fishes represented by these bones is 
ca. 45-80 cm standard length, with a mode at ca. 65 em. 
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P A R e  N A T I O N A L  A L B E R T  
F a m .  M O C H O C I D A E .  
S y n o d o n t i s  c f .  S .  f r o n t o s u s .  
F r o  n  t a l .  - T w o  i n c o m p l e t e  f r a g m e n t s  ( l e f t  a n d  r i g h t )  p r o b a b l y  f r o m  
d i f f e r e n t  i n d i v i d u a l s .  T h e  o r n a m e n t a t i o n  i s  n e a r e s t  t h a t  o f  S y n o d o n t i s  
f r o n t o s u s .  
I n  a d d i t i o n ,  t h e r e  i s  a  s m a l l  a n d  u n i d e n t i f i a b l e  f r a g m e n t  o f  n e u r o ­
c r a n i u m .  
P e c  t o r a I  f i n - s  p i n e s .  - - S i x  s p e c i m e n s  ( 4  l e f t ,  2  r i g h t )  f r o m  t h e  
p r o x i m a l  e n d ,  a n d  t w o  f r o m  t h e  d i s t a l  e n d  o f  t h e  s p i n e .  
F a m .  C L A R I I D A E .  
C 1 a r i a s  c f .  C .  l a z e r a  a n d  p r o b a b l y  a l s o  C .  m o s s a m b i c u s .  
T h e  s p e c i e s  a r e  i d e n t i f i e d  o n  t h e  b a s i s  o f  n e u r o c r a n i a l  o r n a m e n t a t i o n ;  
t h o s e  s p e c i m e n s  t e n t a t i v e l y  r e f e r r e d  t o  C l a r i a s  m o s s a m b i c u s  a r e  c l e a r l y  i n  
t h e '  m i n o r i t y .  
N  e u  r o c r a n i u  m .  
D e  l '  m e t  h  m  a i d .  - T e n  ( f i v e  f r o m  t h e  a n t e r i o r  p o r t i o n ,  i n c l u d i n g  t h e  
l a t e r a l  h o r n ,  a n d  f i v e  f r o m  t h e  p o s t e r i o r  q u a r t e r  t o  h a l f ) .  T h e  i n d e n t a ­
t i o n  b e t w e e n  t h e  h o r n s  i s  m o r e  a c u t e  t h a n  t h a t  o b s e r v e d  i n  l i v i n g  C l a r i a s  
l a z e r a  a n d  C .  m o s s a m b i c u s .  
P r e  f r o  n  t a l .  - T w o ,  b o t h  i n c o m p l e t e .  
P t e  r o t  i  c  .  - T w o  l a r g e  f r a g m e n t s ,  o n e  r i g h t ,  t h e  o t h e r  p r o b a b l y  l e f t .  
F r o  n  t a l .  - F i v e  s m a l l  f r a g m e n t s .  
S u p r a o r b i  t a l .  - - T w o  f r a g m e n t s .  
P o  s  t  - t e r n  p o  r  a  1 .  - T , v o  ( l e f L  a n d  r i g h t ,  f r o m  d i f f e r e n t  f i s h e s ) ,  b o t h  
i n c o m p l e t e .  
U n i d e n  t i  f  i a b  1 0  n e u  r o c r a n i a I  f r a g m e n t s .  - T w e n t y - s i x ,  o f  
w h i c h  t h r e e  m a y  b e  t e n t a t i v e l y  a s s i g n e d  t o  C l a r i a s  m o s s m n b i c u s .  
H y o i d  a r c h .  
C  e r a  t  a  h  y  a  1  :  o n e  ( r i g h t ) ;  e p i h y a l :  t w o  ( h a t h  r i g h t )  a n d  o n e  f r a g m e n t  
( r E i H ) .  
Q u a d  
A r t i e  
P  e e t  
o f  t h e  s p  
1  
,  
V e r t '  
S i z e '  
b o n e s  i s  
a t  c a .  6 0  
B a r b  
f r o m  f i s  
e r t e b  
P r e  
t e b r a '  
"  C a u  
. ' ,  
~-4e.,-~ _  . . . . . . . . . 
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Qua d rat e. - One; almost entire. 
Art i cuI a r . --- Eight. almost perfect specimens (6 left, 2 right). 
..,Pee tor a I fin - s pin e s . -- Four specimens from the proximal part 
of the spine, and three from the middle section. 
Ve r t e bra e. - Twelve precaudal and twelve caudal elements. 
S i z era n g e. - The size-range of individuals represented by these 
bones is estimated at between 55 and 75 em standard length, with a mode 
at ca. 60 em. 
CYPRINOIDEA 
Fam. CYPRINIDAE. 
Barbus sp. 
Barbus is represented only by five vertebrae (2 precaudal and 3 caurial) 
from fishes of ca. 30 and 35 em standard length. 
Vertebrae. 
Precauda1. 
vertebrae. 
PERCOMORPHI 
Fam. CICHLIDAE. 
Tilapia sp. 
'rhirty-seven, of which nine are identified as first 
C a u d a 1. - Nineteen specimens. 
Interneural pterygiophores. 
Two first interneurals;' one almost complete, 
articular surface only. 
Fin-spines. 
One pectoral spine and fifteen dorsal spines. 
the other comprising the 
The latter can only be 
tentatively identified as Tilapia, since few characters are preserved which 
will enable them to be differentiated from similar spines of small Lates. 
The estimated size range of the fishes represented by this material is 
from 30-45 em standard length. 
1 
I6 2  
P A R e  N A T I O N A L  A L B E R T  
F a m .  C E N T R O P O M I D A E .  
L a t e s  s p .  
V e r t  e  b  I '  a  e  .  - T w o  s p e c i m e n s ,  o n e  o f  w h i c h  i s  p o o r l y  p r e s e r v e d  a n d  
h a s  a n  a d h e r e n t  m a t r i x  u n l i k e  t h a t  o f  o t h e r  s p e c i m e n s  f r o m  t h i s  l e v e l .  T h e  
s e c o n d  s p e c i m e n  ( a n  a b d o m i n a l  e l e m e n t )  i s  m a r k e d l y  w e l l - m i n e r a l i z e d  a n d  
a p p e a r s  t o  b e  s o m e w h a t  r o l l e d .  I L  s e e m s  v e r y  p r o b a b l y  t h a t  b o t h  s p e c i m e n s  
w e r e  d e r i v e d  f r o m  o l d e r  d e p o s i t s .  
G E N E R I C A L L Y  U N I D E N T I F I A B L E  M A T E R I A L .  
( i )  A  f r a g m e n t  o f  s i l u r o i d  p e c t o r a l  s p i n e .  
( i i  j  F o u . r  f r a g m e n t s  f r o m  t h e  p r o x i m a l  e n d s  o f  s o f t  f i n - r a y s .  
( i i i )  A  s m a l l  f r a g m e n t  o f  p a r a s p h e n o i d .  
( i v )  F o u r t e e n  v e r t e b r a e .  
f  
1  '  
}  
' i  
A s  f o r  s i t e  X a  a n d  b ,  b u t  t r e n c h  N  4 3
G  
E ,  b e t w e e n  0 - 9  m e t r e s .  
S I T E  X c  
f  
O S T A R I O P H Y S I  
S I L U R O I D E A  
F a m .  B A G R I D A E .  
B a g r u s  s p .  
S  p  h e n  a t  1  c .  - O n e  a l m o s t  e n t i r e  ( r i g h t ) .  
F r o  n  t a l .  - O n e .  s m a l l  f r a g m e n t .  
, . '  B a s  i  a  c  c  i  p i t  a  1 .  - F i v e  s p e c i m e n s ,  a l l  v i r t u a l l y  e n t i r e .  
N  e  u  r o c  r a n  i  u  m .  
S u p  r  i t  a  c  c  i  p i t  i t  1 .  - F o u r  s p e c i m e n s ,  v a r i o u s l y  f r a g m e n t e d  a n d  n o n e  
e n t i r e .  
B r a n c h i a  
Q u a d r a  
A r t i c u ]  
E p i h y a  
C e r a t o :  
t o g e t h e r  w i l  
H y p o h :  
a n d  o n e  i s  ~ 
D e n t a l ' ;  
V e r t e b r a ,  
I  
A n  t e r i i  
e n t i r e .  T h  
s e n t e d ,  e x c  
c u r v e . d  « n  
F i v e  s p  
C a u d a  
e  c t o r  a  I I  
P o  s t - t j  
n t a r y  a~ 
Cleit~ 
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NATJONAAL ALBERT PARK 63 
Bra n chi ocr a 11 i u m. .... 
Qua d rat e. - One; fragmentary. 
Art i cuI a r. - One; almosL entire. 
EP i h Ya 1. - One; slightly damaged. 
Cera t a h ya 1. - Three specimens (1 left, 2 right), all incomplete, 
together with a small fragment which includes the epi-ceratohyal suture. 
H y P a h y a 1 . - Three specimens (right); two of these are almost en Lire 
and one is a fragment from the postero-dorsal margin. 
De 11 tar y. - Nine (3 left, 6 right); none entire. 
Ve rt e bra e. 
Ant e rio l' f use d vert e bra I mas s. - Sixteen specimens; none 
entire. The centrum of this compound vertebra is the only portion repre­
seIILed, except for a fragment from the anterior aspect of the flanged and 
curved « neural spine l>. 
Five specimens are identified as the small, flattened first vertebra. 
Pre c au d a I ve r t e bra e. - Fifty specimens; Lhe majority being of 
the first three vertebrae. 
C a u d a 1 v e I' t e b I' a e. - Fort.y-two specimens. 
Pectoral girdle. 
Pas t - t e m p a I' a 1. - Five specimens, four of which (lre rather frag­
mentary and one almost entire. 
C lei t h rum. - Eight fragments, of which six are derived (rom the
 
area including and surrounding the articular fossa for the pectoral spine.
 
Cor a co i d. - Almost the entire posterior part; including the articular 
surfaces. 
Fin-spines. 
P e c t a I' a 1 s pin e s. - Seven incomplete spines (2 left, 5 right) together 
with a fragment from the head of an eighth specimen. 
Dar sal s pin e. - Fom specImens from the proximal part of the 
dorsal spine, and a fifth fmgment from the middle section. 
S i z era n g e. - The estimated size-range of the fishes represented by 
these various bones is 30-70 cm standard length; most individuals are in 
the 60-'70 em class. 
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P A R e  N A T I O N A L  A L B E R T  
V e r  
F a m .  C L A R I I D A E .  
C 1 a r i a s  c f .  C .  l a z e r a  a n d  C 1 a r i a s  c f .  C .  m o s s a m b i c u s .  
A s  w i t h  s p e c i m e n s  f r o m  o t h e r  d e p o s i t s ,  t h e  s p e c i f i c  i d e n t i f i c a t i o n  o f  t h i s  
m a t e r i a l  i s  b a s e d  o n  t h e  o r n a m e n t a t i o n  o f  n e u r o c r a n i a l  b o n e s .  A g a i n ,  
C l a r i a s  m o s s a m b i c u s  i s  p o o r l y  r e p r e s e n t e d .  
,  
~ 
F i n  g  
P e c  
c l e i t h r u  
c l a v i c l e  
N  e  u  I '  0  C  r a n  i  u  m .  
D e l '  m  e  t ; h  m  0  i  d .  
t h r e e  a r e  a l m o s t  e n t i r e .  
S i x  v a r i o u s l y  . f r a g m e n t e d  s p e c i m e n s ,  o f  w h i c h  
a  
P r e  f r o  n  t a l .  - F o U l '  i n c o m p l e t e  b o n e s  ( 2  l e f t ,  2  r i g h t )  a n d  p r o b a b l y  
s m a l l  f r a g m e n t  o f  p r e f r o n t a l .  
S u p  r  a  0  r  b i t  a  1 .  - O n e  s p e c i m e n ,  f r o m  t h e  a n t e r i o r  p a r t  o f  t h e  b o n e .  
F r o  n  t a l .  ­ T h i r t e e n  f r a g m e n t s  ( 5  l e f t ,  7  r i g h t  a n d  o n e  i n d e t e r m i n a b l e ) ,  
t e n  o f  w h i c h  a r e  d e r i v e d  f r o m  t h e  a r e a  i n c l u d i n g ,  o r ,  i m m e d i a t e l y  
s u r r o u n d i n g  t h e  f o n t a n e l l e ,  a n d  t h r e e  a r e  f r o m  t h e  a n t e r o l a t e r a l l y  e x p a n d e d  
p o r t i o n  o f  t h e  b o n e .  W h e r e v e r  t h e  p o s t - f o n t a n e l l e  s u t u r a l  s u r f a c e s  a r e  
p r e s e r v e d ,  t h e y  a r e ,  w i t h  o n e  e x c e p t i o n ,  o f  t h e  C l a r i a s  l a z e m  t y p e  ( s e e  
p .  3 4 ) ,  a s  i s  t h e  s u r f a c e  o r n a m e n t a t i o n .  T h e  e x c e p t i o n a l  s p e c i m e n  c o m p a r e s  
c l o s e l y  w i t h  C .  r n o s s a m b i c u s  i n  b o t h  t h e s e  c h a r a c t e r s .  
S u p  I '  a  0  c  c  i  p i t  a  1 .  - l < ' i v e ;  a l l  i n c o m p l e t e .  
P o  s  t  - t  e  m  p  0  r  a  1 .  - F i v e ,  r a t h e r  f r a g m e n t a r y  s p e c i m e n s ,  o f  w h i c h  
t w o  a r e  d e f i n i t e l y  a n d  t h r e e  a r e  t e n t a t i v e l y  i d e n t i f i e d  a s  p o s t - t e m p o r a l s .  
U n i d e n t i f i a b l e  
t w o .  
f r a g m e n t s  o f  n e u r o c r a n i u m .  - T w e n t y ­
B  I '  a  n  c  h  j  0  c  r a n  i  u  m .  
P a l a t i n e .  -
E P i h  Y a  1 .  ­
U r  0  h Y a  1 .  -
A r t i c u I  a r .  
D e n t a r  y .  ­
, , ­
T w o ;  o n e  e n t i r e  t h e  o t h e r  s l i g h t l y  d a m a g e d . 
  
T w o  ( l e f t  a n d  r i g h t ) ;  a l m o s t  c o m p l e t e . 
  
O n e  s p e c i m e n . 
  
- T h r e e  ( 2  l e f t ,  1  r i g h t ) ;  a l l  w e l l - p r e s e r v e d . 
  
O n e  s p e c i m e n ,  l a c k i n g  t h e  p o s t e r i o r  p a r t . 
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Ve r t e bra e. - Seven posterior precaudal vertebrae. 
Fin girdles. 
Pee tor a 1 g i r dIe. - Represented by : (i) an almost complete riglti 
cleithrum; (ii) a fragment of left cleithrum; (iii) a sman fragment from the 
clavicle. 
~'in-spines. 
P e c tor a 1 s pin e s. - Six spines (4 left, 2 right) showing various Imes 
of fracture. In none is the articular head without some slight damage. 
Size range. 
The estimated size-range of fishes represented by this sample is from 
40-75 cm standard length. 
Fam. MOCHOCIDAE. 
Synodontis sp. 
No characters permitting specific differentiation are preserved in this 
material, which comprises : 
(i) An almost entire dorsal fin-spine. 
(ii) Two pectoral spines (left and right) and a fragment of pectoral spine. 
GENERICALLY UNIDENTIFIABLE SILUROID REMAINS .
 
Seven fin-spine fragments.
 
CYPRINOIDEA 
Fam. CYPRINIDAE.
 
Barbus sp.
 
Ve r t e bra e. - Five caudal vertebrae.
 
Web e ria nos sic 1e s. -- One fragmentary tripus. 
5 
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P E R C O M O R P H I  
F a r o .  C E N T R O P O M I D A E .  
L a t e s  s p .  
O n l y  t h r e e  b o n e s ,  a  c a u d a l  v e r t e b r a  f r o m  a  f i s h  c a .  7 2  e m  s t a n d a r d  l e n g t h  
a n d  a  f r a g m e n t  o f d e n t a r y ,  t o g e t h e r  w i t h  a  p e c t o r a l  s p i n e  ( a l s o  f r o m  a  s m a l l  
f i s h ) ,  c a n  b e  r e f e r r e d  t o  t h i s  g e n u s .  A l t h o u g h  ' t h e  i d e n t i t y  o f  t h e  f i n - s p i n e  
m i g h t  b e  c a l l e d  t o  d o u b t ,  t h e r e  ( ; a n  b e  n o  c o n f u s i o n  r e g a r d i n g  t h e  v e r t e b r a  
a n d  d e n t a r y .  
T h e  v e r t e b r a  a n d  f i n - s p i n e  a r e  h e a v i l y  m i n e r a l i z e d  a n d  d i f f e r  m a r k e d l y  
f r o m  o t h e r  s p e c i m e n s  i n  t h i s  d e p o s i t ;  t h e y  w e r e ,  t h u s ,  p r o b a b l y  d e r i v e d  
f r o m  e a r l i e r  s t r a t a .  T h e  d e n t a r y ,  o n  t h e  o t h e r  h a n d ,  i s  p o o r l y  m i n e r a l i z e d  
a n d  i t s  s t a t e  o f  p r ' e s e r v a t i o n  i s  s t r i c t l y  c o m p a r a b l e  w i t h  t h e  o t h e r  s p e c i m e n s  
f r o m  t h i s  s i t e .  
F a r o .  C I C H L I D A E .  
T i l a p i a  s p .  
V e r t e  b  l '  a  e .  - S e v e n  a n t e r i o r  p r e c a u d a l  v e r t e b r a e .  S i x  o f  t h e s e  a r e  
d e r i v e d  f r o m  a  f i s h ,  o r  f i s h e s  a b o u t  4 5  c m  s t a n d a r d  J e n g t h ,  a n d  t h e  s e v e n t h  
f r o m  a  s l i g h t l y  l a r g e r  i n d i v i d u a l .  
F i n - s p i n e s .  
D o  r  s  i l l  f i n .  - F i f t e e n  s p i n e s ,  a l l  f r o m  f i s h e s  o f  a  s i z e  c o m p a r a b l e  
w i t h  t h o s e  f r o m  w h i c h  t h e  v e r t e b r a e  w e r e  d e r i v e d .  T w o  o f  t h e  s p i n e s  a r e  
l i g h t e r  i n  c o l o u r  a n d  l e s s  m i n e r a l i z e d  t h a n  t h e  o t h e r s .  
A n a 1  s  p i n e .  - O n t ) .  
P  e  c  t o r  a  1  s  p i n  e .  - O n e  s p e c i m e n ,  c o m p l e t e  e x c e p t  f o r  i t s  m o s t  d i s t a l  
e x t r e m i t y .  
G E N E R I C A L L Y  I N D E T E R M I N A B L I E  M A T E R I A L .  
( i l  P a r a s p h e n o i d  ( m i d d l e  s e c t i o n ) .  
( i i )  F r a g m e n t  o f  b a s i o c c i p i t a l .  
( i i i )  T w o  a r t i c u l a r s  ( f r o m  d i f f e r e n t  g e n e r a ) .  
( i v )  T w o  h a l v e s  o f  s o f t  f i n - r a y s .  
~, . .  
( v )  T w e l v e  v e r t e b r a e .  
( v i )  O n e  h y p u r a l  e l e m e n t .  
( v i i )  S i x t e e n  u n i d e n t i f i a b l e  f r a g m e n t s .  
~ = - - : - - - - - - _ : - . - - - :-~ : ; : - - .--_._~--
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DISCUSSION AND SUMMARY.	 .., 
Before considering the evidence furnished by the fossils described in this 
paper, some attention must be given to the faunal affinities of the fishes 
inhabiting present-day Lak(J Edward. 
When attempting to discover this relationship, the cichlid and non-cichlid 
elements should be examined separately. Of the twenty-four non-cichlid 
species recorded, only three are endemic to Lake Edward. Seven species 
have a relatively restricted geographical distribution within the area 
surrounding the lake, although three of these species also occur in Lake Kivu, 
and the range of one of these extends LO Lake 'l'anganyika. One species 
otherwise only occurs in Lakes Kivu and Victoria, another is known only 
from Lake Victoria, u third occurs in Lakes Victoria and Nyasa; and finally, 
there is one species which, apart from its being recorded in Lake Edward, 
is known only from the streams of Mount Kilimunjaro. 
'l'he remaining ten species may be consioered as Nilotic, with some 
species widely distributed in East Africa. It is interesti ng to note that five 
of the ten Nilotic species do not occur in Lake Victoria. A point of probable 
significance is that the three endemic species and the six species with 
restricted distribuLion are all small cyprinids ano cyprinodonts, whereas the 
Nilotic species are mostly large fishes. 
The Cichlidac show dual affinity. The Tilapia species are Nilotic but 
the Haplochrumis are clearly related to species endemic to Lake Victoria; 
three Haplocftromis species and one monotypic genus are common to both 
lakes. (Data derived from POLL, 1939; POLL and DAMAS, 1939; 'J'REWAVAS, 
1933). ' 
Perhaps the most ou tstanding feature of the Lake Edward ichthyofauna 
is the absence of several families which are widespread in eastern and 
tropical Africa; the Po[ypteridae, Chrzracidae, r:itharinidae, -Schilbeidae, 
Mochocidae, Malapteruridae, Centropomidae and Mastacembelidac are all 
without representatives. Furthermore, as compared with Lakes Albert and 
Victoria, there are fewer genera per family in Lake Edward. In certain j
_.	 respects this absence of otherwise widely distl'ibuteo families is paralleled 
in [,ake Victoria, although here only the Pol?lpteridae, CithaTinidae, 
Malapteruridae and Centro]Jumidae are absent. 
DE HEINZELIN (1955) has aptly described the contemporary fauna of 
Lake Edwar'd as « '" une faune pauvl'e, tronquee, depoul'vue de bon nombre 
d'element;; qu'on s' attendrai t it y trouver. .. ». 
Data summarised in Table J sho,v l,haL during the Pleistocene, gradual 
change!3 took place in at least the generic constitution of the fish-fauna of 
the Rdward basin. It is also obvious that until Makalian times (Epi­
I~,~; ~,~ 
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,~, 
r  
P l e i s t o c e n e )  t h e  f a u n a  w a s  m o r e  m a r k e d l y  N i l o t i c  t h a n  a t  p r e s e n t  a n d  t h a t  
r e p r e s e n t a t i v e s  o f  m a n y  o f  t h e  a b s e n t e e  f a m i l i e s  a n d  g e n e r a  w e r e  t h e n  l i v i n g  
i n  t h e  E d w a r d  b a s i n .  T w o  o f  t h e s e  g e n e r a ,  L a t e s  a n d  S y n o d o n t i s ,  o c c u r r e d  
i n  L a k e  : E d w a r d  a s  r e c e n t l y  a s  t h e  e a r l y  H o l o c e n e .  I n  f a c t ,  w h e n  c o n s i d e r e d  
a t  t h e  s p e c i e s  l e v e l ,  t h e  k n o w n  l a t e  P l e i s t o c e n e  f i s h e s  o f  L a k e  E d w a r d  a r c  
c o m p a r a b l e  w i t h  t h o s e  o f  t h e  p r e s e n t  f a u n a  o f  L a k e  A l b e r t .  
' 1 ' t  
a g e .  
t h e  ~ 
K a n y  
p e r i o (  
I n t e l ' }  
(
r  •  
.  ' .  
l  
,  
; l  , I t
, . '  ' 1
.  .  
r  '  
,  
A l t h o u g h  s o m e  t y p i c a l l y  N i l o t i c  f i s h e s  s u c h  a s  I l y d r o c y o n  ( C h a r a c i d a e ) ,  
/ L U c h e n o g l a n i s  a n d  C l a r o t e s  ( l l a g r i d a c )  w e r e  a p p a r e n t l y  l o s t  b e f o r e  t h e  e n d  
o f  L h e  P l e i s t o c e n e ,  t h e  f a u n a  r e t a i n e d  i t . s  m o r e  c o m p l e t e  N i l o t i c  f a c i e s  u n t i l  
t . h e  c l o s e  o f  t h e  G a m b l i a n  p e r i o d .  A  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  l o s s  o f  
s e v e r a l  N i l o t i c  g e n e r a  a n d  s p e c i e s  w h i c h  o c c u r r e d  a t  t h a t  t i m e ,  w i l l  b e  
d i s c u s s e d  l a t e r .  •  
G e n e r a  r e c o v e r e d  f r o m  K a i s o  d e p o s i t s  i n  t h e  E d w a r d  b a s i n  ( S i t e s  J  t o  V  
a n d  S i t e  V I I I  a )  a r e  s i m i l a r  t o  t h o s e  f r a i n  t h e  K a i s o  b e d s  o f  L a k e  A l b e r t  
( W A Y L A N P  e t .  a l . ,  1 9 2 G ) .  T h i s  s i m i l a r i t y  i s  n o t .  s u r p r i s i n g  s i n c e  t h e  t w o  l a k e s  
w e r e  t h e n  p r o b a b l y  c o n t i n u o u s  o r  a t  l e a s t  i n  b r o a d  c o n t a c t  ( D E  H E I N Z E L I N ,  
T l  
o f  D E  
a r e  p  
t i m e  
~, . o p .  r i  
,  d i f f e r  
n  
o f  t h :  
t h e  
.  .  
t
' : ·
. .  
'  
~.,
, 1 ;  
~ 
o p .  c i t . ;  M O R T E L M A N S ,  1 9 5 0 ) .  I n  a l l  p r o b a b i l i t y  t h e  f i s h e s  p r e s e r v e d  i n  t h e s e  
d e p o s i t s  s h o u l d  b e  l o o k e d  u p o n  a s  m e m b e r s  o f  a n  a r c h a i c ,  p a n - A f r i c a n  
i c h t h y o f a u n , a  w h i c h  p o p u l a t e d  A f r i c a n  r i v e r s  b e f o r e  t h e  f o r m a t i o n  o f  t h e  
R i f t  l a k e s .  T h e y  w o u l d  c o r r e s p o n d  t o  «  t h e  g e n e r a l  a n c i e n t  f a u n a  o f  T r o p ­
,~ t ·  
i c a l  A f r i c a  ) J  w h i c h  W O R T I I l N G T O N  p o s t u l a t e d  a s  h a v i n g  «  h e e n  w i d e s p r e a d  
o v e r  t h e  c o n t i n e n t  i n  t h e  e a r l y  p a r t  o f  t h e  T e r t i a r y  e p o c h  . . .  ) J  ( W O R T H I N G T O N  
.  ~ 
, ; , ; ,  
[ '  t  ~~ 
~ ,  , J l  
a n d  l l I c A R D o ,  1 9 3 6 ) .  T h a t  t h e  a f f i n i t i e s  o f  t h i s  f a u n a  a r e  w i t h  t h e  p r e s e n t  
N i l o t i c  g r o u p  o f  f i s h e s  s h o u l d  n o t  b e  m i s c o n s t r u e d  t o  i m p l y  t h a t  t h e  N i l o t i c  
f a u n a  p e r  s e  i s  m o r e  a n c i e n t  t h a n  t h o s e  o f  t h e  o t h e r  m a j o r  r i v e r  s y s t e m s .  
~r 
: . . .  ~ 
. '  l~ [i'~ 
I I  
W h e n  c o m p a r i n g  t h e  f i s h e s  o f  t h e  N i l e ,  C o n g o  a n d  N i g e r ,  o n e  i s  i m p r e s s e d  
b y  t h e  l a r g e  n u m b e r  o f  g e n e r a  c o m m o n  L o  t h e  t h r e e  s y s t e m s .  T h i s  e v i d e n c e ,  
d e r i v e d  f r o m  p r e s e n t  d i s t r i b u t i o n s ,  c a n  o n l y  b e  i n t e r p r e t e d  a s  i n d i c a t i n g  
e a r l i e r  c o n t a c t  b e t w e e n  t h e  v a r i o u s  s y s t e m s .  W O R T H I N G T O N  ( 1 9 5 4 )  p o s t u l a t e d  
I  , 1 \  
t e m p o r a r y  c o n n e c t i o n s  b e t w e e n  t h e  N i l e ,  C o n g o  a n d  w e s t e r n  r i v e r s  a c r o s s  
,  ! '  
a  l a r g e l y  i n u n d a t e d  S u d a n  p l a i n  d u r i n g  a n  e a r l y ,  b u t  u n s p e c i f i e d ,  P l u v i a l .  
"  
, 1 :  (l~ 
H o w e v e r ,  W A Y L A N D ' S  e v i d e n c e  
b e t w e e n  t h e  r i v e r s  o f  e a s t e r n  
( 1 9 3 1 )  
A f r i c a  
i n d i c a t e s  a n  e v e n  e a r l i e r  c o n t a c t  
a n d  t h e  C o n g o .  I n  p r e - R i f t  tirne~ 
~ ,  
I
r l ! '
' f ' J  
( ?  M i o c e n e )  U g a n d a  w a s  d r a i n e d  b y  1 1  n u m b e r  o f  w e s t w a r d  f l o w i n g  r i v e r s  
w h i c h  u l t i m a t e l y  e m p t i e d  i n t o  t h e  C o n g o ,  I t  w o u l d  n o t  b e  u n r e a s o n a b l e  
t o  s u p p o s e  t h a t  t h e s e  r i v e r s  w e r e  p o p u l a t e d  b y  f i s h e s  b e l o n g i n g  t o  a  g r o u p  
~~ ,
,  ,  
w h i c h  m a y  b e  c o n s i d e r e d  a r c h a i c  a n d ,  f r o m  i t s  m o d e r n  d i s t r i b u t i o n ,  o f  
i .  ~ ~, 
J . •  
a n  e s s e n t i a l l y  , \ J i l o t i c - C o n g o a n  t y p e  ( s e e  a b o v e ) .  T h e r e  i s  p a l a e o n t o l o g i c a l  
e v i d e n c e  t h a t ,  d u r i n g  t h e  M i o c e n e ,  a t  l e a s t  t w o  t y p i c a l l y  N i l o t i c  g e n e r H ,  
' .  : :  
L a t e s  a n d  P o l y p t e r u s  w e r e  p r e s e n t  i n  t h e  a r e a  n o w  o c c u p i e d  b y  L a k e  V i c ­
t o r i a  ( G R E E N W O O D ,  1 9 5 1  a ) .  L a c k  o f  o t h e r  f i s h - b e a r i n g  M i o c e n e  d e p o s i t s  i n  
~! 
F ,
/ ' , '  I - •  
.. .  
E a s t  A f r i c a  m a k e s  i t  i m p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h e s e  f i s h e s  g a i n e d  
a c c e s s  t o  t h e  1 a k e  a s  a  r e s u l t  o f  i t s  h a v i n g  d i r e c t  c o n t a c t  w i t h  t h e  N i l e ,  o r ,  
w h e t h e r  t h e y  w e r e  r e p r e s e n t a t i v e s  o f  t h e  a r c h a i c  f a u n a .  
"  
l~ 
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The earli8st fish-fossils in the Edward basin are from deposits of Kaiso­
age. DE HE~ZELIN subdivides these deposits into four series on the basis of 
the Mollusca pn~sent. Followmg his classification, the fishes fuund at 
Kanyatsi (Sites I and II) are from Series I, which' was laid down in a 
period of relative aridity, tentatively correlated with WAYLAND'S « Kageran 
Interpluvial ». 
The only other jish-bearing Kaiso deposits which can be refered to one 
of DE HJo~rNzELIN'S SUb-divisions are those from Sites IV, 'land Va. These 
are pluced in series III which post-date the Kageran interpluvial; at the 
time of lheir deposition the climate was relatively humid (DE HEINZELIN, 
op. cit.). This assemblage contains typically Nilotic genera and does not 
diffee from the generic complex preserved at Kanyatsi (Kaiso Series I). 
Thus, the fish-fossils provide little evidence on the effed and intensity 
of the first (Kageran-Kamasian) interpluvial arid period. It is dear feom 
the fossil Mollusca, however, that there was a gradml\ increase in the 
concentration of dissolved salts during the period prior to their preservation. 
The increased salinity had the effect of producing a gastropod fauna with 
a pS8udomarine facies (DE HEINZELIN, op. cit.; FVCIIS, 1936; BEAUCHAMP, 19-161. 
WORTHI.'IGTON (1932; :1937) and WAYLAND (1934) (whose opinions were 
based on those of WORTHINGTON), considered the first interpluvial to be of 
such aridity as to almost completely dry out the lake. It is to this period 
that WORTHINGTON (1932; 1937), using the palaeontological data then 
available, ascribed the major change in the affinities of the Lake Eoward 
fishes. But, as mentioned above (p. 67), such an early daLe for this. event 
can no longer be entertained. Evidence from Series III Kaiso fossil shows 
clearly that aftm' the Kageran-K111uasian interpluvial Lake Edward was 
still populated by fishes of a Nilotic type, inclUding many of the present-day 
absentee genera. 
There are two possible explanation for this phenomenon. One explana­
tion would assume that the Kageran fish-f1mna was destroyed during tho 
interpluvial, but, with the lItcreased rainfall of the second (Kamasian) 
Pluvial, Lakes Edward and Albert were once again connected; this 
hypolhesis also ass~mes that Lakp Albert was little affected by the inter­
pluvial arid period and that fishes from the lake would be able to recolonize 
Lake Edward. The second explanation assumes that aridity in the Edward 
basin was insufficient to destroy ~.he Kagerall fish-fauna, which persisted; 
this theory has, of course, the necessary correlate that the majority of fishes 
was not adversely affected by the increased salinity of the water (see above). 
From the data available it is difficult to decide which hypothesis can be 
considered the more reasonable, but, recent research seems to provide less 
support for the concept of an inten~ely arid interpluvial. As mentioned 
earlier, fish-fossils from certain Lake Edward Kaiso-heds were interpreted 
to show almost complete desiccal.ion of the luke because they apparently 
represented the last record of certain Nilotic species in the Edward basin. 
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P A R C  N A T I O N A L  A L B E R T  
T h i s  v i e w  i s  n o  J o n g e r  t e n a b l e  i n  i t s  o r i g i n a l  f o r m ;  f u r t h e r m o r e ,  o n  
D E  H E I N Z E L I N ' S  d a t i n g  t h e s e  f i s h e s  w e r e  f r o m  p o s t - i n t e r p l u v i a l  d e p o s i t s .  
I n  L a k e  A l b e r t ,  W A Y L A N D  ( 1 9 2 6 )  c o n s i d e r e d  t h a t  t h e  K a i s o  b o n e - b e d s  w e r e  
i n d i c a t i v e  o f  a  p e r i o d  o f  i n t e n s e  a r i d i t y  d u r i n g  w h i c h  t h e  l a k e  a l m o s t  d r i e d  
u p .  F ' r o m  t h e i r  a s s o c i a t e d  m o l l u s c a n  f a u n a ,  h o w e v e r ,  b o t h  t h e s e  s i t e s  
s h o u l d  b e  e q u a t e d  w i t h  D E  H E I N Z E L I N ' S  S e r i e s  I I I  a n d  I V  ( p o s t - K a g e l ' a n  
i n t e r p l u v i a l )  w h e n ,  i n  t h e  E d w a r d  b a s l l l ,  t h e  c l i m a t e  w a s  h u m i d .  
S O L O M O N  ( 1 9 3 9 )  d o e s  n o t  a g r e e  w i t h  " W A Y L A N D ' S  c l i m a t i c  d e d u c t i o n s  f r o m  
t h e  L a k e  A l b e r t  K a i s o - b e d s .  O n  t h e  c o n t r a r y ,  h e  c o n s i d e r s  t h e i r  f e r r u ­
g i n o u s ,  s a n d y ,  f o ' s s i l i f e r o u s  h o r i z o n s  t o  b e  in~iicaiive o f  e i t h e r  «  . . .  s l i g h t l y  
m o r e  o p e n  w a t e r  c o n d i t i o n s . . .  ( t h a n  t h e  p r e c e e d i n g  c l a y s  w h i c h  w e r e  l a i dl )  
d o w n  und~r s w a m p  c o n d i t i o n s ) ,  o r  . "  o f  m o . r e  c q m p J e t e  d e s i c c a t i o n  t h a n  
p o s t u l a t e d  b y  W A Y L A N D  l l .  S O L O M O N  f a v o u r s  t h e  i n t e r p r e t a t i o n  o f  m o r e  
o p e n - w a t e . r  c o n d i t i o n s .  H i s  r e a s o n s  f o r  t h i s  a r e  t h a t  t h e  f o s s i l s  c o m p r i s e  
m a i n l y  f i s h e s ,  c r o c o d i l e s  a n d  h i p p o p o t a m i ,  a n d  t h a t  o t h e r  m a m m a l i a n  
r e m a i n s  a r e  n e v e r  f o u n d  a s  c o m p l e t e  s k e l e t o n s ,  w h i c h  w o u l d  b e  t h e  c a s e  i f  
t h e  a n i m a l s  h a d  d i e d  a r o u n d  g r a d u a l l y  d i m i n i s h i n g  w a t e r - p o o l s ,  a s  
s u g g e s t e d  b y  \ ¥ , A Y L A N D .  I n s t e a d ,  t h e  m a m m a l i a n  r e m a i n s  a r e  f o u n d  a s  
i n d i v i d u a l  b o n e s  a p p a r e n t l y  w a s h e d  i n t o  p o s i t i o n .  S O L O M O N ' S  c o n c l u s i o n  
i s  o f  i n t e r e s t  s i n c e  i t  p a r a l l e l s  D E  H E I N Z E L I N ' S  o p i n i o n  t h a t  t h e  c l i m a t e  d u r i n g  
t h , e  l a t e r  K a i s o  p e r i o d  w a s  r e l a t i v e l y  h u m i d .  
.  T h e r e  r e m a i n ,  t h e n ,  o n l y  t h e  K a n y a t s i  d e p o s i t s  ( K a i s o  S e r i e s  I )  a s  
e v i d e n c e  f o r  a  p e r i o d  o f  a r i d i t y .  A g a i n ,  t h e  f i s h e s  p r o v i d e  l i t t l e  s a t i s f a c t o r y  
i n f o r m a t i o n  r e g a r d i n g  t h e  i n t e n s i t y  a n d  e f f e c t s  o f  t h i s  d r y  p h a s e .  O n l y  
o n e  g e n u s ,  H y d r o c y o n ,  d o e s  n o t  r e a p p e a r  i n  d e p o s i t s  y o u n g e r  t h a n  t h e  t h i r d  
K a i s o  l e v e l .  T h e  a s s o c i a t e d  g a s t r o p o d  M o l l u s c a ,  o n  t h e  o t h e r  h a n d ,  s e e m  
t o  i n d i c a t e  a n  i n c r e a s e  o r  c h a n g e  i n  t h e  s a l i n i t y  o f  t h e  w a t e r ,  i n  r e s p o n s e  
t o  w h i c h  t h e r e  e v o l v e d  a  n u m b e r  o f  s p i n o u s  a n d  c a r i n a t e  s p e c i e s  ( D E  H E I N Z E ­
L I N ,  o p .  c i t . ;  F U C H S ,  1 9 3 6 ) .  M o s t  o f  t h e s e  s p e c i e s  d o  n o t  o c c u r  i n  l a t e r  
K a i s o  b e d s .  T h e i r  v i r t u a l  d i s a p p e a r a n c e  h a s  b e e n  t a k e n  t o  i n d i c a t e  t h a t  
t h e y  w e r e  d e s t r o y e d  b y  t h e  l a k e  d r y i n g  u p  ( F U C H S ,  o p .  c i t . ;  B R O O K S ,  1 9 5 0 ) .  
Y e t ,  a n  a l t e r n a t i v e  a n d  o p p o s i t e  e x p l a n a t i o n  s e e m s  f e a s i b l e .  I f  i t  i s  a c c e p t e d  
t h a t  t h e  s p i n o u s  a n d  c a r i n a t e  f a c i e s  w a s  a  r e s p o n s e  t o  i n c r e a s e d  s a l i n i t y ,  
i s  i t  n o t  p o s s i b l e  t h a t  t h e  m o r p h o l o g i c a l  t y p e  m i g h t  b e  c h a n g e d  w h e n  t h e  
w a t e r  w a s  f r e s h e n e d  d u r i n g  s u b s e q u e n t  p e r i o d s  o f  i n c r e a s e d  r a i n f a l l ?  O r ,  
a l t e r n a t i v e l y ,  t h e  s p e c i e s  m a y  h a v e  b e e n  u n a b l e  t o  a d a p t  t h e m s e l v e s  t o  t h e  
n e w  "  f r e s h w a t e r  I I  c o n d i t i o n s  a n d  w e r e  d e s t r o y e d ,  n o t  b y  a r i d i t y ,  b u t  b y  
i n c r e a s e d  h u m i d i t y .  
O n  t h e  e v i d e n c e  a v a i l a b l e ,  i t  o n l y  s e e m s  p o s s i b l e  t o  s a y  t h a t  d u r i n g  t h e  
K a g e r a n - K a m a s i a n  i n t e r p l u v i a l  t h e  l a k e  u n d e r w e n t  a n  i n c r e a s e ,  o r  c h a n g e ,  
i n  s a l i n i t y  c a u s e d  b y  a  p e r i o d  o f  r e l a t i v e  a r i d i t y .  A t  p r e s e n t  t h e  i n t e n s i t y  
o f  t h i s  a r i d  p e r i o d . c a n n o t  b e  a c c u r a t e l y  d e t e r m i n e d .  
F i s h e s  f r o m  t h e  M i d d l e  P l e i s t o c e n e  ( K a m a s i a n  p e r i o d ,  s e n s u  l a t a )  a r e  
. . - v e r y  p o o r l y  r e p r e s e n t e d  b y  s p e c i m e n s  f r o m  o n e  d e p o s i t  a t  K a t a n d a  a m o n t  
( S i t e s  V I  a n d  V i I )  i n  t h e  u p p e r  S e m l i k i  V a l l e y .  D E  H E I N Z E L I N  p l a c e s  t h e s e  
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NATIONAAL ALBERT PARK 71 
deposits in the Semliki-Series of the Middle Pleistocene. The fish-fossil;; 
require little comment, except to note that the genus Barbus makes its 
first appearance. There are too few fossils from tliese beds to give any 
indication of faunal relationship, but two typically Niloti0 genera, Syno­
dontis and Clarotes, were probably present. 
The Middle Pleistocene was an important period in the evolution of the 
fish-fauna of Lake Edward. All evidence points towards this period as 
the time when the lake probably received its major influx of fishes from 
Lake Victoria. The result of this invasion is most clearly seen in the 
Lake Edward species flock of the cichlid genus Haplochrornis. The 
Haplochrornis species of Lake IEdward and Victoria are more closely related 
to oneanother than to any other Haplochromis flock in Africa. There can 
be no doubt that the two flocks were derived from the same ancestral 
species group, which had probably reached an advanced stage of adaptative 
divergence when the flocks vvere separated. Not only are the majority of 
species very similar, but three species of Haplochromis and one related 
monotypic genus occur in both Lake Edward and Lake Victoria. 
Another important evolutionary factor associated with the Middle 
Pleistocene was the loss of direct contact between Lakes Edward and Albert 
(DE HEINZELIN, op. cit., and in litt.). From this time onwards Lake Edward 
must be considered as a discrete faunal unit. 
Arguing from evidence supplied by fishes preserved in the Epi-Pl.eisto­
cene, Ishango beds, it is apparent that the postulated climatic oscill1,ltions 
,I 
! 
of the Upper Pleistocene had few long-term effects on the nature, or, 
affinities of the fish-fauna. This evidence derives from the still typically 
Nilotic facies of the Epi-Pleistocene and even early Holocene fishes, which 
could well be described as a segment of the modern Lake Albert fauna. 
This relationship between the Epi-Pleistocelle fauna of Lake Edward and 
that of modern Lake Albert includes not only the genera Lates and Syno­
dontis, but also extends to the species level in these and other genera (see 
Table I and pages 29-54). 
The conclusion that there was continuity of faunal type in Lake Edward 
is, however, dependant upon the assumption that contact between this lake 
and Lake Albert was lost aTId not re-established after the Middle Pleistocene. 
If this can be accepted, and there is little evidence to the contrary, then the 
typically Nilotic mid-Pleistocene fishes must have persisted in the Edward 
basin despite postulated extremes of climate (see WAYLAND, 1934, [md 
WORTHINGTON, 1937). It seems most improbable that Lates, a species with 
low tolerance to deoxygenated waters (FISH, 1956) could have survived if 
the lake was reduced to swamp conditions. 
Furthermore, if it can be accepted that the major invasion of fishes from 
Lake Victoria took place during the Middle Pleistocene, then the extant 
Haplochrornis would indicate that the lake did not suffer severe desiccation 
during the Upper Pleistocene. 
7 2  P A R e  N A T I O N A L  A L B E R T  
D E  H E I N Z E L I N  ( o p .  c i t . ) ,  s u m m a n z m g  d a t a  r e l a t i n g  t o  c l i m a t i c  c h a n g e s  
d e t e c t a b l e  i n  P l e i s t o c e n e  d e p o s i t s  o f  t h e  L a k e  E d w a r d  b a s i n ,  f i n d s  n o  t r a c e s  
o f  t h e  p o s t u l a t e d  t h r e e  i n t r a - p l u v i a l  m a x i m a  d u r i n g  t h e  G a m b l i a n ,  b u t  o n l y  
f o r  a n  i m p o r t a n t  w e t  p h a s e  c o r r e s p o n d i n g  t o  t h e  G a m b l i a n  s e n s u  l a t o .  H e  
d o e s ,  h o w e v e r ,  f i n d  i n d i c a t i o n s  o f  a  p r o b a b l e  a r i d  p h a s e  p r i o r  t o  t h e  
M a k a l i a n  p l u v i a l .  T h e  f i s h e s  a p p a r e n t l y  s u r v i v e d  t h i s  d r y  p h a s e .  I f ,  a t  
t h i s  t i m e ,  t h e  l a k e  b a s i n  h a d  a c h i e v e d  i t s  p r e s e n t  f o r m ,  t h e  d e e p e r  p a r t s  
m a y  w e l l  h a v e  p r o v i d e d  a  r e f u g e  f o r  m a n y  s p e c i e s .  
B e c a u s e  t h e r e  a r e  s o  f e w  M i d d l e  P l e i s t o c e n e  f i s h - f o s s i l s ,  i t  i s  i m p o s s i b l e  
t o  a s s e s s  t h e  s i g n i f i c a n c e  o f  s p e c i e s  w h i c h ,  a l t h o u g h  p r e s e n t  i n  K a i s o  a n d  
E p i - P l e i s t o c e n e  d e p o s i t s ,  a r e  n o t  r e c o r d e d  f r o m  t h e  i n t e r v e n i n g  M i d d l e  
P l e i s t o c e n e  b e d s .  T w o  g e n e r a ,  P r o t o p t e r u s  a n d  . B a g r _ u s ,  w h i c h  o c c u r e d  i n  
K a i s o  d e p o s i t s  a r e  n o t  r e p r e s e n t e d  a m o n g s t  t h e  m i d - P l e i s t o c e n e  m a t e r i a l .  
P r o t o p t e r u s  i s  r e c o r d e d  f r o m  E p i - P l e i s t o c e n e  b e d s ,  b u t  B a g r u s  d o e s  n o r  
r e a p p e a r  u n t i l  i t  b e c o m e s  t h e  p r e d o m i n a n t  f i s h - f o s s i l  o f  t h e  l a t e s t  d e p o s i t s  
o f  Z . P O S T - E M . ,  w h i c h  a r e  t y p i c a l l y  M e s o l i t h i c  a n d  o f  H o l o c e n e  a g e .  
T h e  E p i - P l e i s t o c e n e  f i s h e s  a r e  e s p e c i a l l y  w e l l - p r e s e r v e d  a n d  i n  m o s t  
g e n e r a  i t  i s  p o s s i b l e ,  t o  i d e n t i f y  t h e  s p e c i e s  p r e s e n t .  
B o t h  s p e c i e s  o f  l a r g e  C l a r i a s  ( C .  l a z e r a  a n d  C .  m o s s a m b i c u s )  a t  p r e s e n t  
i n h a b i t i n g  L a k e  E d w a r d  a r e  r e p r e s e n t e d  a s  f o s s i l s .  A l s o ,  a  f e w  s k u l l  
f r a g m e n t s  h a v e  b e e n  t e n t a t i v e l y  i d e n t i f i e d  a s  H e t e r o b r a n c h u s ,  a  c l a r i i d  
g e n u s . ,  o n c e  t h o u g h t  t o  b e  a b s e n t  f r o m  t h e  I E d w a r d  b a s i n ,  b u t  r e c e n t l y  
d i s c o v e r e d  i n  t h e  l a k e  ( H U L O T ,  1 9 5 6 ) .  
T w o  B a r b u s  s p e c i e s ,  B a r b u s  c L  B .  b y n n i  a n d  B a r b u s  c L  B .  a l t i a n a l i s  
a r e  r e c o r d e d .  A l t h o u g h  o n l y  B a r b u s  a l t i a n a l i s  s u r v i v e d  u n t i l  t h e  p r e s e n t ­
d a y ,  t h e  g r e a t e r  n u m b e r  o f  s p e c i f i c a l l y  i d e n t i f i a b l e  f o s s i l s  i s  n e a r e r  t h e  
N i l o t i c  B .  b y n n i  ( s e e  p .  4 2 ) .  
I n  a  p r e l i m i n a r y  l i s t  o f  t h e  I s h a n g o  f i s h e s  ( p u b l i s h e d  i n  D E  H E I N Z E L I N ,  
1 9 5 5 )  t w o  s p e c i e s  o f  S y n o d o n t i s ,  S .  n i g r i t a  a n d  S .  s c h a l l ,  w e r e  g i v e n .  
F u r t h e r  s t u d y  o f  t h e  f o s s i l s  s h o w e d ,  h o w e v e r ,  t h a t  t h e  s p e c i m e n s  p r e v i o u s l y  
i d e n t i f i e d  a s  S .  n i g r i t a  s h o u l d  b e  r e f e r r e d  t o  S .  t r o n t o s u s .  
S p e c i m e n s  o f  L a t e s  f r o m  t h e  N . F . P R .  I s h a n g o  d e p o s i t s  a r e  p r o v i s i o n a l l y  
r e f e r e d  t o  L .  n i l o t i c u s  s i n c e  n o  c l e a r - c u t  d i f f e r e n c e s  a r e  m a n i f e s t  i n  t h e  
s k e l e t o n s  o f  t h e  v a r i o u s  s p e c i e s  o r  s u b - s p e c i e s  i n  t h e  e x t a n t  L .  n i l o t i c u s  
c o m p l e x .  
N o  s p e c i f i c  i d e n t i t y  c a n  b e  g i v e n  t o  t h e  T i l a p i a  r e m a i n s ,  w h i c h  a r e  
p e c u l i a r  i n  t h a t  t h e  m a j o r i t y  o f  s p e c i m e n s  i s  o f  t h e  f i r s t  a n a l  p t e r y g i o p h o r e ;  
o t h e r  s k e l e t a l  p a r t s  a r e  l e s s  w e l l  r e p r e s e n t e d ,  e s p e c i a l l y  i n  c o m p a r i s o n  w i t h  
o t h e r  s p e c i e s .  N o  i m m e d i a t e  e x p l a n a t i o n  c a n  b e  p r o v i d e d  f o r  t h i s  b i a s e d  
s a m p l e  o f  l ' i l a p i a .  
T h e  I s h a n g o  f i s h e s  d o  n o t  y i e l d  a n y  i n f o r m a t i o n  o n  t h e  e c o l o g i c a l  c o n d i ­
t i o n s  o b t a i n i n g  a t  t h e  t i m e  o f  t h e i r  p r e s e r v a t i o n .  F u r t h e r m o r e ,  s i n c e  t h e  
N . J i ' . P R .  ( E p i - P l e i s t o c e n e )  d e p o s i t  i s  p r o b a b l y  a  s u b - a q u a t i c  k i t c h e n - m i d d e n  
a n d  thf~ Z . P O S T - E M .  ( H o l o c e n e )  d e p o s i t  a  s u b a e r i a l  k i t c h e n - m i d d e n ,  t h e  
a s s e m b l a g e  '  
, 	  s p e c i e s  w h i c  
t h e  a r e a  b y  
B e f o r e  C O l  
u n d e r w e n t  B  
f o r m ,  i t  i s  ]  
d e p o s i t  ( S i t e  
m o s t  o f  t h e s ,  
a m o n g s t  t h e  
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anges assemblage of species may be artificial; that is, either representative of 
traces. 
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Before considering the critical phase during which th~ Edward fish-fauna J,' 
underwent alterations leading to its present truncated and impoverished .\ 
,
iform, it is necessary to examine the fishes preserved in the mos~ recent 
.,Ideposit (Site X), which is Mesolithic and of Holocene age. Unfortunately, , 
most of these specimens can only be identified as far as the genus. But, ! 
amongst the genera preserved are Lates and Synodontis, two Nilotic genera I 
which have since become extinct in the area. The other genera occur in 
present-day Lake Edward. The Lates specimens are more heavily miner­
alized than are the other spscimens from this deposit and may therefore 
be derived from an earlier (Epi-Pleistocene?) deposit. The Synodontis' f 
remains, on the other hand, are only lightly mineralized and compare ~.
closely with the other fish remains from the Holocene beds. It is therefore 
difficult to interpret the significance of the specimens. Two explanations ~ . 
seem possible : first, a few populations of Synodontis survived the critical 
phas~ but were unable to maintain themselves, possibly through changed I 
ecological conditions affecting breeding habits, or, secondly, the fossil bones 
were derived from fishes caught below the Semliki falls and brought back 
Io the settlement at Ishango. Neither explanation is entirely satisfactory 
and the question of their provenance should remain opE-no ',' 
Thus, from the fossil fishes alone it is impossible to date the changes 
which took place in the fundamental relationships of the fish-fauna of 
Lake Edward. Other evidence of e.nvironmental changes occurring in Epi­ t \ 
( 
IPleistocene and early Holocene times (DE HEINZELIN, 1955) suggests, hovvever, ~l 
that the ichthyofaunal hiatus could have been contemporaneous.
, 
Since the present affinities of Lake Edward fishes are both Nilotic and 
Victorian, there are two important questions relating to this hiatus : first, 
what environmental factors can be implicated; and secondly, why did 
certain Nilotic species survive whilst others were killed off? 
A probable answer to the first question is provided by DE HEINZELn-;'S· 
opinion that volcanicity, coupled with changes in the chemical composition 
of the water, was the major factor influencing faunal changes. Indeed, it 
seems that during this IJeriod of intense and local volcanic activity 
(DE HEINZELIN, 1955), Lake Edward could have undergone hydrological 
changes leading to conditions comparable with those of present-day 
Lake Kivu. That is, the Jower water-strata would become heavily charged 
with dissolved toxic substances (hydrogen-sulphide, carbonic acid and 
ammoniacal salts) and would be azooic at all times. Because Lake Edward 
is relatively shallow and occupies a basin of different shape to that of Kivu, 
even the surface waters could be polluted during intervals of water-mixing 
and overturn. Present-day Lake Edward differs from Kivu where no 
overturn and mixing of surface and bottom waters occurs. 
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'  
T h a t  L a k e  g d w a r d  d i d  n o t  r e m a i n  i n  a  K i v u - l i k e  c o n d i t i o n  w a s  p r o b a b l y  
~. 
' I  •  · t  
d u e  t o  t h r e e  m a j o r  f a c t o r s :  a  d i f f e r e n t  s U b - a q u a t i c  t o p o g r a p h y ;  t h e  
' .  ~.~. ' ;
- , . : '  
e x i s t e n c e  o f  l a r g e  a f f l u e n t  s t r e a m s  f l o w i n g  i n t o  t h e  l a k e  t h r o u g h  c o u n t r y  
d i s t a n t  f r o m  t h e  c e n t r e s  o f  v o l c a n i c  a c t i v i t y ,  a n d  t h i r d l y ,  h y d r o g r a p h i c a l  
c o n d i t i o n s  a l l o w i n g  f o r  p e r i o d i c  m i x i n g  o f  t h e  e p i - a n d  h y p o l i m n i a ,  t h e r e b y  
f  
f
" ,  ,
. • J !
"  ,
( ) , ' ,  
~,'j 
p r e v e n t i n g  t h e  f o r m a t i o n  o f  a  p e r m a n e n t ,  d e n s e  l o w e r  l a y e r .  
I f  s u c h  p o s t u l a t e d  c o n d i t i o n s  o f  f o u l  w a t e r  d i d  o b t a i n ,  e v e n  f o r  a  
r e l a t i v e l y  s h o r t  p e r i o d ,  i t  i s  n o t  s u r p r i s i n g  t h a t  m a n y  s p e c i e s  s u f f e r e d  l o c a l  
e x t i n c t i o n .  I t  i s ,  i n  f a c t ,  r a t h e r  m o r e  d i f f i c u l t  t o  u n d e r s t a n d  h o w  s o  m a n y  
s p e c i e s '  s u r v i v e d .  P r e s u m a b l y  f O l
w  
t h e s e  s p e c i e s  s u r v i v a l  w a s  t h e  r e s u l t  
• . · 4  
e i t h e r  o f  t h e i r  t e m p o r a r i l y  c o l o n i z i n g  a f f l u e n t  r i v e r s  a n d  t h e  a r e a s  a d j o i n i n g  
n v e r  m o u t h s  ( w h e r e  s o m e  f r e s h e n i n g  o f - t h e  w a t e r  m i g h t  b e  e x p e c t e d ) ,  o r ,  
' 1  
o f  t h e  i n h e r e n t  a b i l i t y  o f  t h e  s p e c i e s  t o  t o l e r a t e  t h e  h y d r o l o g i c a l  c o n d i t i o n s  
. t h e n  e x i s t i n g .  A  p o s s i b l e  f a c t o r  i n f l u e n c i n g  t h e  d e c l i n e  a n d  u l t i m a t e  
e x t i n c t i o n  o f  t h e s e  s p e c i e s  m i g h t  b e  t h e  l o s s  o f  s u i t a b l e  b r e e d i n g  g r o u n d s  
"  \  
t h r o u g h  c h a n g e s  i n  t h e  e c o l o g y  o f  L h e  l a k e .  C o n s i d e r a t i o n  o f  t h i s  a n d  o t h e r  
r~I 
e c o l o g i c a l  c o n d i t i o n s  a f f e c t i n g  l a t e  P l e i s t o c e n e  a n d  e a r l y  H o l o c e n e  f i s h e s  
l e a d s  < E r e c t l y  t o  t h e  s e c o n d  q u e s t i o n  p o s e d  a b o v e .  
S p e c u l a t i o n  i s  h a m p e r e d  b y  t h e  l a c k  o f  f u n d a m e n t a l  i n f o r m a t i o n  o n  t h e  
p h y s i o l o g i c a l  r e q u i r e m e n t s  a n d  b r e e d i n g  h a b i t s  o f  m a n y  o f  t h e  s p e c i e s  
c o n c e r n e d .  S o m e  d a t a  s . r e  a v a i l a b l e  o n  t h e  r e s p i r a t o r y  c h a r a c t e r i s t i c s  o f  
L a t e : ;  ( F I S H ,  1 ( 5 6 ) .  T h e s e  s u g g e s t  t h a t  t h e  s p e c i e s  i s  i n t o l e r a n t  o f  r e d u c e d  
o x y g e n  a n d  i n c r e a s e d  c a r b o n  d i o x i d e  t e n s i o n s .  I t  i s  t h e r e f o r e  r e a s o n a b l e  
t o  i n f e r  t h a t  b r e e d i n g  w o u l d  b e  u n s u c c e s s f u l  ( i f  i t  o c c u r r e d  a t  a l l )  u n d e r  
s u c h  c o n d i t i o n s .  R e g r e t t a b l y ,  n o t h i n g  i s  k n o w n  a b o u t  t h e  p h y s i o l o g y  o f  
m e m b e r s  o f  t h e  C h a r a c i d a e  a n d  S c h r i l b e d i a e ,  o r  o f  t h e  m a j o r i t y  o f  C i c h l i d a e  
a n d  C . y p r i n i d a e .  I n  L a k e  E d w a r d  t h e  l a t t e r  f a m i l y  p r o v i d e s  a n  i n t r i g u i n g  
p u z z l e .  T w o  s p e c i e s  o f  B a r b u s  c o e x i s t e d  i n  L a k e  E d w a r d  d u r i n g  t h e  u p p e r  
P l e i s t o c e n e .  O n e  s p e c i e s  c l o s e l y  r e s e m b l e d  t h e  N i l o t i c  B .  b y n n i .  t h e  o t h e r  
r e s e m b l e d  B .  a l t i a n a l i s ,  a  s p e c i e s  o c c u r r i n g  i n  L a k e s  E d w a r d ,  V i c t o r i a  a n d  
K i v u .  O n l y  B .  a l t i a n a l i s  s u r v i v e d  t h e  c r i t i c a l  I E p i - P l e i s t o c e n e  a n d  e a r l y  
H o l o c e n e  p e r i o d s .  
~ il;'l~ 
I n d i r e c t  e v i d e n c e  o n  t h e  p h y s i o l o g i c a l  a d a p t a b i l i t y  a n d  t o l e r a n c e  o f  t h e s e  
. " n ; " , .
~" : ,  
~ I  
I  i  
l~',< 
f ;  ,~,~ 
; f  
v a r i o u s  f a m i l i e s  c a n  b e  d e r i v e d  f r o m  L a k e  K i v u .  T h e  f i s h - f a u n a  o f  t h i s  
l a k e  i s  e v e n  p o o r e r  t h a n  t h a t  o f  L a k e  E d w a r d ,  f r o m  w h i c h  s o u r c e  i t  w a s  
d e r i v e d  ( P O L L ,  1 9 3 9 ) ,  p r o b a b l y  a t  s o m e  l i m e  a f t e r  t h e  i n v a s i o n  o f  }1~dward b y  
c e r t a i n  V i c t o r i a  s p e c i e s .  T h e  p o i n t  o f  p a r t i c u l a r  s i g n i f i c a n c e  i s  t h a t  a l l  
t h e  a b s e n t e e  f a m i l i e s  o f  L a k e  E d w a r d  a r e  a l s o  a b s e n t  f r o m  L a k e  K i v u .  S i n c e  
v o l c a n i c i t y  p l a y e d  a n  i m p o r t a n t  p a r t  i n  t h e  e v o l u t i o n  o f  b o t h  l a k e s  
( L a k e  K i v u  w a s  f o r m e d  d u r i n g  t h e  m i d d l e ,  o r ,  l a t e  P l e i s t o c e n e  b y  t h e  
M f u m b i r o  v o l c a n i c  c h a i n  d a m m i n g  t h e  v a l l e y  o f  a  r i v e r  f l o w i n g  i n t o  
L a k e  E d w a r d )  t h e  c o n c l u s i o n  s e e m s  i n e s c a p a b l e  t h a t  r e p r e s e n t a t i v e s  o f  t h e s e  
. .~ 
f a m i l i e s  w e r e  u n a b l e  t o  s u r m o u n t  t h e  e c o l o g i c a l  a n d  h y d r o l o g i c a l  c o n d i t i o n s  
a s s o c i a t e d  w i t h  v o l c a n i c i t y .  T h e  m o r e  e x t r e m e  h y d r o l o g i c a l  c o n d i t i o n s  o f  
-
----~---
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probably Lake Kivu may also account for the absence of Bagridae and MormyrMae
,phy; the from the lake. It is difficult to explain the absepce of Lepidosirenidae, 
1 country Cyprinodontidae and Anabantidae on the grounds of adverse ecological 
,graphical conditions since in other lakes all three families tolerate deoxygenated and 
1, thereby stagnant water. But here again, factors connected with breeding may have 
been ultimately responsible for the local extinction of these families. 
en for a In conclusion, the faunal affinities of Lake Edward must be reconsidered, 
ered local particularly in view of the recent classification proposed by WORTHINGTON 
, so many (1954). Data from the extensive fossil collections reviewed above show 
;he result clearly that for a considerable period the fish-fauna of Lake Albert was 
adjoining broadly comparable with that of Lake Albert. The correspondence is not 
lcted), or, exact, because certain Albertine genera apparently never popUlated the 
30nditions Edward basin. The evolution of the present Edward fauna has been 
ultimate brought about by two principal factors : first, the effects of extreme 
~ gwunds environmental conditions which further reduced the number of Albertine 
and other species, and secondly, the invasion of Lake Edward by certain species of 
~ne fishes fishes from Lake Victoria. Although the results of this invasion are 
impressive, they are virtually restricted to one genus, l/aplochromis, and 
must not be allowed to obscure the historical background. Lake EdwRrdon on the 
had [l ~ilotic fish fauna throughout the Pleistocene period, and the faunaIe species 
is stiJ] essenLially Nilotic despite its truncated and impoverished species list. eristics of 
If reduced This conclusion is not in accordance with WORTHINGTON'S classification, 
reasonable in which he allies the Victoria and Edward faunal types as distinct· from 
all) under the Nilotic. However, the palaeontological evidence, as well as the 
siology of relationships of the present-day fishes (excepting Haplochromis) , both 
Cichlidae emphasise Lhe Nilotic affinities of Lake Edward. 
intriguing There remains one other much debated point on which the fossils throw 
the upper some light. This concerns the thesis that certain predatory fishes, par­
the other ticularly Lales and Hydrocyon, have had an inhibiting effect on speciation 
3toria and and adaptive radiation amongst the smaller cichlids in lakes' where these 
and early species occur together (vide \VORTHINGTON, 1940; also MAYR, 1952, for 
criticism). 
:e of these WORTHINGTON'S ideas were apparently supported by the adaptively 
1a of this mulliradiate Haplochl'Omil species flocks of Lakes Edward and Victoria, 
~ce it was lakes in which Lates had not been present for some considerable time 
:dward by (WORTHINGTON, 1940, and 19M). However, it is now known that Lales 
s that all inhabited the Lake Edward basin until as recently as the early Holocene. 
Ill. Since '1'his is turn implies that the ancestral Haplochromis species, or, small 
oth lakes species flock, coexisted with Lates (see above, p. 71). Yet, this species flock, 
te by the although smaller than that of Lake Victoria, is one cited by WORTHINGTON 
.ving into as an example of speciation unretarded by the influence of large predatory 
:s of these species. 
30nditions At first sight this observation seems to tell against WORTHINGTON'S 
ditions of general views on the overall retarding influence of Lates on adaptive 
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Cyprinidae Clariidae .Mochocidae Bagridae Centrop07nidae Cichlidae 
Barbus sp. Clarias sp. Synodontis cf. frontoslts Bagrus sp. Lates sp. Tilapia sp. 
Synodontis ef. schall I Lates cf. niloticlts Tilapia sp. 
Synodontis d. fronto8us 
---I-~-----' 
1
 I Synodontis d. frontoslts C'larotes sp. Lates sp. Tilapia sp.
 I 
I
i I 
----------_._--_._._- ---­
I Synodontis sp. Lates sp.
_I.__,_ _I 
---·-·-----T---
Synodontis sp. ? Clarotes sp. 
I, 
------,._-_ .._-_.----_._----
Synodontis sp. ? Auchenoglanis sp. Late~ sp. 
I (Bagrus, very dubious) 
I 
--~-~'~l~-"-----I 
I Lates sp.i 
i I' 
I I 
I I --------~-I-~-
i 
Clarotes sp. 
(Bagrus, very dubious) 
1 __­
'_·-----1-----­
---I 
Clarias sp. Synodontis sp. Clarotes sp. I\ Lates ef. 11 'ilotic'ltS II (Tilapia sp., 
Bagrus sp. very dubious) 
Au.chenoglanis sp. 
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s p e c i a t i o n .  H o w e v e r ,  W O R T H I N G T O N ' S  c o n c l u s i o n s  w e r e  b a s e d  o n  t h e  
a s s u m p t i o n  t h a t  L a t e s  w o u l d  e l i m i n a t e  t h o s e  f o r m s  w h i c h  p a s s e d  t h r o u g h  
s t a g e s  o f  i m p e r f e c t  a d a p t a t i o n  i n  t h e  c o u r s e  o f  e v o l u t i o n ,  a n d  p a r t i c u l a r l y  
t h o s e  s p e c i e s  a t t e m p t i n g  t o  c o l o n i z e  n e w  a d a p t i v e  n i c h e s .  A s  t h e  
L a k e  E d w a r d  l I a p l o c h r U ' f n i s  f l o c k  w a s  a p p a r e n t l y  d e r i v e d  f r o m  a n  a l r e a d y  
m u l t i r a d i a t e  g r o u p  i n  L a k e  V i c t o r i a ,  m a n y  i n v a d i n g  s p e c i e s  w o u l d  b e  
p r o s p e c t i v e l y  a d a p t e d  t o  p a r t i c u l a r  n i c h e s  a n d  m i g h t  t h e r e f o r e  b e  l e s s  
a f f e c t e d  b y  t h e  p r e s e n c e  o f  L a t e s .  
R e c e n t  f i e l d  s t u d i e s  o n  s o m e  o f  t h e  A f r i c a n  s p e c i e s  f l o c k s  ( F R Y E R  a n d  
I L E S ,  i 9 5 5 ;  G R E E N W O O D ,  u n p u b l i s h e d )  E h o w  t h a t  W O R T H I N G T O N  u n d e r e s t i ­
m a t e d  t h e  e f f e c t  t h a t  o t h e r  p r e d a t o r y  s p e c i e s  ( f o r  e x a m p l e ,  C l a r i a s ,  B a g r u s  
a n d  B a r i l i u s )  c o u l d  h a v e  h a d  o n  t h e  d e v . e l o p m e n t  o f  c i c h l i d  s p e c i e s  f l o c k s .  
S i n c e  t h e s e  o t h e r  p r e d a t o r s  a r e  a s s o c i a t e d  w i t h  t h e  f l o c k s  w h o s e  m u l t I p l i c i t y  
o f  s p e c i e s  w a s  a t t r i b u t e d  t o  t h e  a b . s e n c e  o f . L a t e s ,  i t  i s  u n l i k e l y  t h a t  p r e d a t i o n  
d i d  h a v e  s u c h  f a r - r e a c h i n g  i n h i b i t o r y  e f f e c t s  a s  W O R T H U \ G T O N  p o s t u l a t e d .  
L i k e > y i s e ,  t h e  d e m o n s t r a t e d  o c c u r r e n c e  o f  L a t e s  i n  t h e  l a t e  P l e i s t o c e n e  L a k e  
E d w a r d ,  a n d  i t s  p r e s u m e d  c o e x i s t e n c e  w i t h  a  d e v e l o p i n g  H a p l o c h r o m i s  
s p e c i e s  f l o c k ,  h e l p s  t o  p l a c e  t h e  e v o l u t i o n a r y  s i g n i f i c a n c e  o f  L a t e s  i n  a  t r u e r  
p e r s p e c t i v e .  L a t e s  c a n  o n l y  b e  c o n s i d e r e d  a s  o n e  o f  t h e  m a n y  e n v i r o n ­
m e n t a l  facto~s w h i c h  m o u l d e d  t h e  r e m a r k a b l e  s p e c i e s  f l o c k  o f  L a k e  E d w a r d .  
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5 .  8 t h  o r  9 t h  a b d o m i n a l  v e r t e b r a ,  l a t e r a l  v i e w  
6 .  C a u d a l  v e r t e b r a ,  r i g t l t  l a t e r a l  v i e w  ( 0 . 9  x ) .
,  
7 .  N e u r o e r a l l i u m  r i g h t  l a t e r a l  v i e w  ( O ' ! ,  x ) .  
1 .  1 s t  v e r t e b r a  a n t e r i o r  f a c e  ( ( J . 8  x ) .  
;~. 1 s t  v e r t e b r a ,  l e f t  l a t e r a l  v i e w  ( 0 . 8  x ) .  
, 3 .  2 n d  v e r t e b r a ,  r i g h t  l a t e r a l  v i e w  ( 0 . 7  x  J .  
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S i t  e 	  I .  _ .  L a t e s  s p .  
1 . '  E t h m o i d - v o m e r ,  l e f t  l a t e r a l  v i e w  ( 0 . 8  x ) .  
2 .  E t h m o i d - v o m e r ,  v e n t r a l  v i e w  ( 0 . 9  x ) .
I  
3 .  3 r d  a n d  4 t h  v e r t e h r a e ,  r i g h t  l a t e r a l  v i e w  ( 0 . 8  x ) .  
4 .  P e n u l t i m a t e  a n d  u l t i m a t e  a h d o m i n a l  v e r t e h r a e ,  l a t e r a l  v i e w  ( 0 . /  x ) .
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1 : 1  
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5 .  C a u d a l  v e r t e h r a ,  l a t e r a l  v i e w  ( o . a  x ) .  
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2 .  L e f t  c l e i t h r u m ,  l a t e r a l  v i e w  ( 0 . 7  x ) .
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4 .  L e f t  q u a d r a t e ,  m e d i a l  a s p e c t  ( 0 . 7  x ) .  
5 .  R i g h t  d e n t a r y ,  l a t e r a l  a s p e c t  ( 0 . 8  x ) .  
6 .  R i g h t  e c t o p t e r y g o i d ,  v e n t r a l  v i e w  ( 0 . 8  x ) .
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4 .  L a t e s ,  2 n d  v e r t e b r a  a n t e r i o r  f a c e  ( 1 . 0  x ) .
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E X P L A N A T I O N  O F  P L A T E  V .  
: : , ;  i  t e l  ( f i g s .  f . l 0 ) .  ~ S i t  e  I V  ( f i g .  1 1 ) .  - S i t  e  V  ( J i g s .  1 2 · 1 ' , ) .  
1  a n d  2 .  C l a r o t e s  s p .  p e r - t o r a l  s p i n e ,  a n t e r i o r  a n d  p o s t e r i o r  f a c e s  ( 0 . 8  x ) . 
  
3  a n d  4  A u c h e n o g l a n i s  s p . ,  dor'~al s p i n e ,  a n t e r i o r  a l l d  p o s t e r i o r  f a c e s  ( 0 . 8  x ) . 
  
5  a n d  6 .  T { l a p i a  s p .  1 s t  a n a l  p t e r y g i o p h o r e  ( b o t h  0 . 8  x ) . 
  
' 7 .  B a g r u s  s p . ,  f u s e d  a n t e r i o r  v e r t e b r a l  m a s s ,  l a t e r a l  v i e w  ( 0 . 8  x ) . 
  
8 .  B a g r u s  s p . ,  d e r m e t h m o i d ,  d o r s a l  v i e w  ( 0 . 8  x ) . 
  
9  a n d  1 0 .  A u c h c n o g ! a n i s  s l ! . ,  p e c t o r a l  s p i n e .  a n t e r i o r  a n d  p o s t e r i o r  f a c e s  ( 0 . 8  x ) . 
  
1 1 .  L a t e s  s p . ,  g m r a k e r  ( 0 . 7  x ) .
,  
1 2 .  L a i r s  s p . ,  1 s t  v e r t e b r a ,  a n t e r i o r  f a c e  ( O , ! )  X ) .  
1 3 .  L a l e s  s p . ,  a b d o m i n a l  V e r l e l ) T ' i ] ,  l a t e r a l  v i e w  ( 0 . 8  x ) .  
1 4 .  A u c h P r w g ! a n i s  ~p., l e f t  h L l l u e r a l  p r o c e s s ,  l a t e r a ]  a s p e c t  ( 0 . 8  x ) .  
1 5 .  A  u c h c n o g l a n i s  s p . ,  p e c t o r a l  s p i n e .  p o s t e r i o r  f a c e  ( 0 . 0  x ) .  
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V I I I  a .  
1  a n d  2 ,  C l a r o t e s  s p "  p e c t o r a l  s p i n e ,  d o r s a l  a n d  p o s t e r i o r  f a c e s  ( 1 . 5  x ) .  
3 .  P r o t o p t e r u s  s p . ,  l e f t  m a n d i b u l a r  t o o t h - p l a t e ,  l a t e r a l  a s p e c t  ( 1 . 5  x , ) .  
4 .  F r a g m e n t  o f  C l a r i i d  n e u r o c r a n i u m  ( 1 . 5  x )  .  
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S i t  e  V I I I  b  ( f i g s .  1 ,  5  a n d  7 ) .  - S i t  e  V I I I  c  ( f i g s .  2 - 4 ,  6 - 8 ) .
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i ·  1 .  L u t e s  s p . ,  A b d o m i n a l  v e r t e b r a ,  o b l i q u e  l a t e r a l  v i e w  ( 1 . 7  x ) .  
: . 1  
2 .  L u t e s  s p . ,  d e n t a r y ,  m e d i a l  a s p e c t  ( 1 . 6  x ) .  
(  
.  3 .  T u t e s  s p . ,  l e f t  p r e o p e r c u l u m ,  l a t e r a l  a s p e c t  ( 1 . 1  x ) .
f~: 
4 .  L u t e s  s p . ,  e c t o p t e r y g o i d ,  v e n t r a l  a s p e c t  ( 1 . 2  x ) .  
I
5 .  B u r o u s  s p . ,  a b d o m i n a l  v e r t e b r a ,  l a t e r a l  v i e w  ( 1 . 6  x ) .
' t
6 .  Syn~dontis s p . ,  p e c t o r a l  s p i n e ,  d o r s a l  a n d  p o s t e r i o r  a s p e c t s  ( 1 . 6  x ) .
1·~ "  
i i ·
.  
7 .  S y n o d o n t i s  s p . ,  p e c t o r a l  s p i n e ,  d o r s a l  a s p e c t  ( 1 . 6  x ) .
"  
:'~ 
~
 
8 .  S y n o d o n t i s  s p . ,  l e f t  h u m e r a l  p r o c e s s ,  l a t e r a l  a s p e c t  ( 1 . 8  x ) .  
I J  
}  
I ;
I  ~ 
1. ' ,
I
.  
.
.  
,  
. , . 
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PLATE VIII
 
E X P L A N A T I O N  O F  P L A T E  V I I I .  
t  
I  
B a r b u s  s p .  0 1 '  s p p .  ( s e e  t e x t  p .  4 2 ) .  
;~ 
.  
S i t  e  I X  ( f i g s .  1 - 8  a n d  1 0 - l a ) .  - S i t e  X  a  ( f i g s .  8  a n d  a ) .  - S i t  e  X  b  ( f i g s .  2 0  a n d  2 1 ) .
:,~ 
1  a n d  2 .  R i g h t  o p e r c u l u m ,  l ? - t e r a l  a n . d  m e d i a l  a s p e c t s  ( 0 . 5  x ) .
~'9 
3 .  L e f t  I l y o m a n d i b u l a r ,  l a t e r a l  a s p e c t  ( 0 . 5  x ) .  
~ 
. 4 .  R i g h t  q u a d r a t e ,  m e d i a l  a s p e c t  ( 0 . 6  x ) .  
5 .  F r a g m e n t  o f  p h a r y n g e a l  b o n e ,  s h o w i n g  m a j o r  p h a r y n g e a l  t o o t h  ( 0 . 6  x ) .  
6 .  E n t i r e  p h a r y n g e a l  b o n e  ( r i g h t ) ,  m e d i a l  a s p e c t  ( 0 . 6 5  x ) .  
7 .  L e f t  d e n t a r y ,  l a t e r a l  a s p e c t  ( 0 . 6 5  x ) . 
  
1 \ .  F ' r a g m e n t  o f  p h a r y n g e a l  b o n e ,  s h o w i n g  m a j o r  p h a r y n g e a l  t o o t h  ( 0 . 7 5  x ) . 
  
a .  F r a g m e n t  o f  r i g h t  d e n t a r y  ( 0 . 7 5  x ) . 
  
1 0  a n d  1 1 .  3 r d  i n t e r n e u r a l  p t e r y g i o p h o r e ,  p o s t e r i o r  a n d  a n t e r i o r  f a c e s  ( 0 . 6  x l . 
  
1 2  a n d  1 3 .  3 r d  i n t e r n e u r a l  p t e r y g i o p h o r e ,  a n t e r i o r  a n d  p o s t e r i o r  f a c e s  ( 0 . 6  x ) . 
  
1 4  a n d  1 5 .  1 s t  i n t e r n e u r a l  p t e r y g i o p h o r e ,  a n t e r i o r  a n d  l a t e r a l  a s p e c t s  ( 0 . 6 5  x ) . 
  
1 6  a n d  1 7 .  1 s t  a n d  2 n d  v e r t e t r a e  ( 0 . 4  x ) . 
  
1 8  a n d  1 9 .  C a u d a l  v e r e t b r a e  ( 0 . 4  x ) . 
  
~O. A b d o m i n a l  v e r t e b r a  ( 0 . 8  x ) . 
  
2 1 .  C a u d a l  v e r t e b r a  ( 0 , 8  x ) .  
~. 
. , .  
. . .  .t~ 
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P. H. GREENWOOD. - Quaternary Fish~fossils. 
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PLATE IX
 
E X P L A N A T I O N  O F  P L A T E  I X .  
S i t  e  I X . · - S y n o d o n t i s  f r o n t o s u s  ( f i g s .  1-1~) a n d ?  H e t e r o l J r a n c h u s  s p .  ( f i g s .  1 3  a n d  1 4 ) .  
1 .  S u p r a o c c i p i t a l ,  d o r s a l  v i e w  ( 1 . 2  x ) . 
  
2  a n d  3 .  L e f t  a n d  r i g h t  f r o n t a l  ( f r o m  d i f f e r e n t  i n d i v i d u a l s )  ( 1 . 2  x ) . 

\ V I  
4 .  O c c i p i t o - n u c h a l  p l a t e ,  d o r s a l  v i e w  ( 1 . 2  x ) .  
- 5 .  E t h m o i d ,  d o r s a l  v i e w  ( 1 . 2 5  x ) .  
n a n d  7 .  L e f t  a n d  r i g h t  h u m e r a l  p r o c e s s  a n d  c l e i t h r u m  ( l e f t  1 . 3  x ,  r i g h t  1 . 2  x ) .  
8 .  2 n d  d o r s a l  s p i n e ,  a n t e r i o r  a s p e c t  ( 1 . 2  x ) . 
  
9  a n d  1 0 .  3 r d  d o r s a l  s p i n e  l a t e r a l  a n d  a n t e r i o r  a s p e c t s  ( a n t e r i o r  1 . 2  x ,  l a t e r a l 
  
t o  x ) .  
n a n d  1 2 .  A n t e r i o r  a b d o m i n a l  v e r t e b r a e  ( 1 . 0  x ) .  
1 3 .  ?  H e t e r o b r a n c h u s  s p . ,  ?  p o s t - t e m p o r a l ,  d o r s a l  v i e w  ( 1 . 0  w ) .  
l - f .  ?  H e t e r o b r a n c h u s  s p . ,  f r o n t a l ,  d o r s a l  v i e w  ( 1 . 0  x )  .  
• .~ 
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P. H. GREENWOOD. - Quaternary Fish-fossils. 
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PLATE X 
:; 
1 
,
 
EXPLANATIO~ O F  P L A T E  X .  
S i t e  I X .  - C l a r i a s  c f .  C .  l a z e r a .  
1 .  S u p r a - o r b i t a l ,  d o r s a l  v i e w  ( 1 . 2 .  x ) .  
2 .  P r e f r o n t a l ,  d o r s a l  v i e w  ( 1 . 2  x ) .  
3 ,  F r o n t a l ,  d o r s a l  v i e w  ( 1 . 0  x ) .  
4 .  U r o h y a l ,  v e n t r a l  a s p e c t  ( 1 . 5  x ) .  
5 .  S u p r a o c c i p i t a l ,  d o r s a l  v i e w  ( 1 . 3  x ) .  
6 .  O e r m e t h m o i d ,  d o r s a l  v i e w  ( 1 . 2  x ) .  
7 .  Fragm~nt o f  c l e i t h r u m ,  v e n t r o - l a t e r a l  a s p e c t  ( 1 . 0  x l .  
8 .  E p i - a n d  c e r a t o h y a l ,  v e n t r a l  a s p e c t  ( 1 . 0  x ) .  
I t  
\  
l I  
l
)  
• • ¥  
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PLATE XI 
E X P L A N  ATlO~ O F  P L A T E  X I .  
I  
. 1
,  
1  
J  
I  
r  
I ,  
i  
I  
,  
: 1
, .  
I  I  
I I  
I  }  r
.  t  '  :  
r  ,  '  
f  1  
~ ~ 
S i t  e  I X .  - L a t e s  s p .  
1 :  ' Q u a d r a t e ,  l a t e r a l  a s p e c t  ( 0 . 8  x )  . •  
2 .  3 r d  v e r t e b r a ,  l e f t  l a t e r a l  a s p e c t  ( 0 . 8  x ) .  
3 .  R i g h t  d e n t a r y ,  l a t e r a l  . a s p e c t  ( ( ) . . 7 5  x)~ 
4 .  1 s t  v e r t e b r a ,  r i g h t  l a t e r a l  a s p e c t  ( 0 . 8  x ) .  
5  a n d  6 .  V e n t r a l  v i e w  o f  v o m e r i n e  t o o t h  p a t c h ,  s h o w i n g  
s h a p e  o f  t h e  p o s t e r i o r  m a r g i n  ( b o t h  0 . 8  x ) .  
7 .  L e f t  p r e o p e r c u l u m ,  m e d i a l  a s p e c t  ( 0 . 8  x ) .  
8 .  2 n d  v e r t e b r a ,  l e f t  l a t e r a l  a s p e c t  ( 0 . 8  x ) .  
9  < J , n d  1 0 .  C a u d a l  v e r t e b r a e  ( b o t h  0 . 8  x ) .  
1 1 .  R i g h t  p r e m a x i l l a ,  v e n t r a l  a s p e c t  o f  d e n t i g e r o u s  s u r f a c e  
v a r i a t i o n  
( 0 , 8  x ) .  
i n  
1  
t h e  
' 1 1  
\  
,  ~ 
,  ,
,  
~ 
• . >  
t  
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PLATE XII 
j,
I
,
I  
. . . .   
\  
.~ 
EXPLANATIO~ O F  P L A T E  X I I .  
,  I ,  
i  
S i t  e  I X  ( f i g s ,  1 - 8  a n d  1 1 - 1 2 )  a n d  S i t  e  I  ( f i g s .  9 - 1 0 ) .  
j
1  a n d  2 .  • T H a p i a  s p . ,  1 s t  i n t e r h a e m a l  p t e r y g i o p h o r e ,  l a t e r a l  a s p e c t  ( b o t h  1 . 2  x  I .
' !
J
'  1  
3 .  T i l a p i a ,  l e f t  p r e m a x i l l a  l a t e r a l  a s p e c t  ( \ 2  x ) .  
I  
1
4 .  T i l a p i a ,  u r o h y a l .  l e f t  l a t e r a l  . a s p e c t  ( 1 : 2  x ) .  _  
5 .  T i l a p i a ,  1 s t  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .  
6 .  T i l a p i a ,  2 n d  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .
: I '  
1 
7 .  T l L a p i a ,  3 r d  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .  
' J  
8 .  T i l a p i a ,  a n t e r i o r  a b d o m i n a l  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 0  x ) .  ~
i { '  
~ 
9  a n d  1 0 .  P r o t o p t e r u s  s p . ,  u p p e r  a n d  l o w e r  t o o t h - p l a t e s ,  r i g h t  l a t e r a l  a s p e c t  
1  
( 0 . 7  x ) .
I I  
1 1  a n d  1 2 .  P r o t o p t e r u s  5 p . ,  u p p e r  a n d  l o w e r  t o o t h - p l a t e s ,  r i g h t  l a t e r a l  a s p e c t  
. j  
( 0 . 8  x ) ,  
I f  
~
I  
~ 
~} ,  
t l  
. J -
, . , 1  ~ 
. ~[
. !  
! l  
' . " -
. i  
I •  
.  I I  
.  I !   
. j ,   
J
"  
; 1  
. . •  
~ 
~':l 
/ 7 - , .
1i .  
,
i.~;
,  
,  
) i i ,  
:  '~ 
•  
E X P L A N A T I O N  O F  P L A T E  X I I .  
!
"  
S i t  e  I X  ( f i g s .  1 - 8  a n d  1 1 - 1 2 )  a n d  S i t  e  I  ( f i g s .  9 - 1 0 ) .  
I i . '  
1  a n d  2 .  T i l a p i a  s p . ,  1 s t  i n t e r h a e m a l  p t e t y g i o p h o r e ,  l a t e r a l  a s p e c t  ( b o t h  1 . 2  x \ .  
r '  
3 .  T i l a p i a ,  l e f t  p r e m a x i l l a  l a t e r a l  a s p e c t  ( 1 ; 2  x ) .  
4 .  T i l a p i a ,  u r o h y a l ,  l e f t  l a t e r a l ·  a s p e c t  ( 1 . 2  x ) ' -
/ ,  
5 .  T i l a p i a ,  1 s t  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .  
- 6 .  T i l a p i a ,  2 n d  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .  
7 .  T i l a p i a ,  3 r d  v e r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 2  x ) .  
8 .  T i l a p i a ,  a n t e r i o r  a b d o m i n a l  \ T c r t e b r a ,  a n t e r i o r  f a c e  ( 1 . 0  x ) .
l '  
~ 
' i  ~_ 
9  a n d  1 0 .  P r o t o p t e r u s  s p . ,  u p p e r  a n d  l o w e r  t o o t h - p l a t e s ,  r i g h t  l a t e r a l  a s p e c t  
( 0 . 7  " , ) .
I  
1 1  a n d  1 2 .  P r o t o p t e r u s  s p . ,  u p p e r  a n d  l o w e r  t o o t h - p l a t e s ,  r i g h t  l a t e r a l  a s p e c t  
( 0 . 8  x ) .  
~ 
i
. /  
t
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,  
, i  ~l 
j  t I  
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PLATE XIII  
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E X P L A N A T I O N  O F  P L A T E  X I I I .  
S i t e  X  a  ( f i g s , 8  a n d 9 ) . - S i t e  X  b  ( f i g s .  1 · 7 ) .  
1 .  C l a r i a s  s p . ,  d e r m e t h 1 l 1 o i d ,  d o r s a l  v I e w  ( 1 . . 1  x ) .   
2  a n d  3 .  C l a r i a s  s p . .  f r a g m e n t s  o f  n e u r o c r a n i u m  ( b o t h  1 . 1  x ) .   
4  a n d  5 ,  C l a r i a s  s I l . ,  a b d o m i n a l  a n d  c a u d a l  v e r t e b r a e  ( b o t h  1 . 6  x ) .   
6  a n d  7 .  T i l a p i a  s p . ,  1 s t  v e r t e b r a e ,  a n t e r i o r  a n d  l a t e r a l  a s p e c t s  ( 1 . 6  x  a n d   
1 . 8  x  r e s p e c t i v e l y ) ,  
8 .  B a g r u s  s p . ,  s u p r a o c c i p i t a l  r e g i o n  o f  n e u r o c r a n i u m ,  d o r s a l  v i e w  ( 1 . 4  x ) .  
, 9 .  B a g r u s  s p . ,  f r a g m e n t  o f  f r o n t a l ,  d o r s a l  v i e w  ( 1 . 1  x ) .  
, . .  
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PLATE XIV 
t  
I ' !  
)  
i  
I  J  
E X P L A N A T I O N  O F  P L A T E  X I V .
~ 
; t   
i ' l  t   
, j .  
. .  " 1
.  ~ "  
,  ' f   
l '   
, ; . I  
S i t  e  X c .  
"~ 
1  
I  
1 .  B a g r u s  s p . ,  b a s i o c c i p i t a l ,  v e n t r a l  a s p e c t  ( 0 . 8  x l .  
.
2 .  B a ! / ' r u s ,  s u p r a o c c i p i t a l ,  d o r s a l  a s p e c t  ( 0 . 8  x ) .  
3 .  B a g r u s ,  f u s e d  a n t e r i o r  v e r t e b r a l  m a s s ,  l a t e r a l  v i e w  ( 0 . 8  x l .  
1  
4 .  B a g r u s ,  p o s t - t e m p o r a l  ( 0 . 8  x . l .  
j  
5 .  D a g r u s ,  a b d o m i n a l  v e r t e b r a ,  l a t e r a l  v i e w  ( 0 . 8  x ) .  
J  
6 .  _ B a g r u s ,  p e c t o r a l  s p i n e ,  a n t e r i o r  v i e w  ( 0 . 8  x ) .  
7 .  B a g r u s ,  r i g h t  a r t i c u l a r ,  l a t e r a l  a s p e c t  ( 0 . 8  x ) .  
8 .  B a g r u s ,  r i g h t  d e n t a r y ,  v i e w e d  o b l i q u e l y  f r o m  a b o v e  ( 0 . 8  x ) .  
9 .  B a g r u s ,  c a u d a l  v e r t e b r a e ,  l a t e r a l  v i e w  ( 0 . 8  x ) .  
1 0 .  C t a r i a s  s p . ,  p r e f r o n t a l ,  d o r s a l  v i e w  ( 0 . 8  x ) .   
1 1  a n d  1 2 .  C L a r i a s ,  f r a g m e n t s  o f  n e l J r o c r a l l i u l l 1 .  l i o r s a l  v i e w  ( b o t h  0 . 8  x ) .   
1 3 .  C L a r i a s ,  p e c t o r a l  s p i n e ,  a n t e r o - d o r s a l  a s p e c t  ( 0 . 9  x ) .  
1 4 .  C L a r i a s ,  d e r m e t h m o i d  d o r s a l  v i e w  ( 0 . 9  x ) .   
1 5  a n d  1 6 .  B a r b u s  s p . ,  c a u d a l  v e r t e b r a e ,  l a t e r a l  a s p e c t  ( 0 . 9  x  ~.
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